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PEEFACE TO THE SEVENTH EDITION. 



The work of which this .is the seventh edition has once more under- 
gone a careful revision, with the desire to make it keep pace with the 
best modem practice of the art of navigation. It is essentially a work 
for students, and intended to teach navigation soundly. It may be 
thought that the calculations are occasionally too minute or diffuse ; 
but, from long experience as a teacher, the Author is convinced that 
such minuteness is necessary for the sound instruction of young 
persons ; that by insisting , on the same full exhibition of all the 
figures employed in their own calculations, and the adoption of an 
orderly arrangement in them, much greater accuracy is induced, and 
the work of examination is also greatly faciUtated. It has not been 
attempted, therefore, to curtail the processes of calculation, however 
desirable this may appear to persons employed in navigating ships ; 
the primary object of the work being the full exposition of every 
detail in the subjects treated of in its pages. And with this view also 
the " special tables " are reduced to the smallest limit with respect to 
number, thus compelling the learner to seek what he requires from 
first principles. 

The practical and the theoretical parts of the course are kept in a 
great measure distinct ; each has thus its own completeness ; while on 
the one hand it is hoped that no rule is given without its full comple- 
ment of reason, on the other, it has not been thought desirable so to 
interweave them as to break the order of the purely practical course. 
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And thus, too, the tuunatliematical reader may attain some of the 
mere mechanical skill of the computer, without heing discouraged by 
a great array of mathematical symbols. 

Of the more ambitions student, for whom the book is designed, some 
preparation is required in arithmetic, algebra, Euclid, and trigo- 
nometry. He is warned also not to expect to find all that he ought 
to know of nautical science in one little book, and that professedly a 
school-bool^ 

Although intended for the learner, it is hoped that it may commend 
itself to the attention of the skilled navigator, and the nautical sur- 
veyor, to whom it offers all the exactitude in the astronomical com- 
putations and investigations which their professions require; together 
with some important problems not yet so popular nor so widely 
known as they deserve to be. 

Part I, — Is devoted to navigation, the sailings, the compass, the 
log, and the chart ; and includes some simple rules for the solution of 
problems in great circle-sailing. 

The article on circular-arc sailing contains an important modifica- 
tion of great circle-sailing, to include those instances in which the great- 
circle track may ascend to latitudes which are too high for ordinary 
nayigation. 

Part II. — Contains the practical course of nautical astronomy, with 
such explanations of the subordinate parts of the computations as 
require only a little knowledge of geometry and plane trigonometry, 
or mere verbal explanation. This part contains the method of com- 
puting the latitude from the altitude of the pole-star by common 
logarithms, more directly than by interpolation between the cor- 
rections given in the tables of the "Nautical Almanac" for the 
purpose. 

A convenient method of deducing the latitude from altitudes of the 
sun near noon. 

A foil explanation of Sumner's method of double altitudes. 
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PEEFACE TO THE SEVENTH EDITION. . IX 

Ivory's method of double altitudes perfected by the addition of the 
corrections for the change of the sun's ^declination. 

The method of clearing the lunar distance from the effects of 
parallax and refraction, by the use of the ordinary trigonometrical 
tables ; sound in principle, easy, direct, and expeditious in practice, 
and the least obscure of the many methods which have been proposed 
for this purpose. 

Part III. — Contains the formal demonstrations of those rules which 
require a knowledge of spherical trigonometry, or higher mathema- 
tical knowledge than is involved in the preceding investigations. 
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PREFACE TO THE NINTH EDITION. 



It having become necessary to issue another edition of "Eiddle'^ 
Navigation and Nautical Astronomy/* I was requested to undertake 
the superintendence of these sheets through the press. 

Nothing has been taken from the former edition, as it was con- 
sidered unadvisable to alter in any way the plan of the book. It will, 
therefore, be unnecessary for me to preface this edition with any 
further remarks than to say that I have very carefully reworked the 
examples, and thoroughly revised the text, making, however, alterations 
only, where, as it seemed to me, the Author's meaning might be a 
little more fully elucidated. 

Some additional examples on the principal problems have been 
added as an appendix, with the requisite data from the Nautical 
Almanac for iSyi ; but the student is recommended in all cases in 
which the moon is not observed to take the required elements from his 
almanac for the current year, and to content himself with a result near 
that given. 

I hope that my endeavours to render this excellent work still more 
perfect, will be found advantageous to those engaged in the important 
duty of teaching navigation and nautical astronomy. 

Albebt Escott. 

Queen's House, 

Boyal Hospital SchoolSj 
Greenwich. 
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PART I. 

NAVIGATION. 

ELEMENTARY PRINCIPLES OF NAVIGATION. 



That the art of navigation may be rightly understood, or practised 
with advantage, it is necessary that the navigator should be acquainted 
with the form of the earth, the relative situation of the lines conceived 
to be drawn upon its surface, and be furnished with correct charts of 
such ^arts of it as he may have occasion to visit, as well as with tables, 
in wmch the situations of the most remarkable sea-coasts, islands, rocks, 
shoals, &c., are accurately described; and he must also understand 
the use and appUcation of such instruments as are necessary to 
determine the direction in which the ship is steered, and the distance 
which she sails; and be further possessed of sufficient mathematical 
skill to deduce, from the data which these instruments famish, the 
situation of the ship at any time, and to find the direction and 
distance of any place to which it may be required that the ship should 
be taken. 

That the earth, in its general figure, is a round body, is evident 
from various considerations. If it were flat, then in clear weather, 
though distant objects upon its surface mi^ht appear small, they 
would stfll be within the limit' of view ; but it is umformly observed, 
in every part of the earth, that to whatever quarter a ship sails, after 
she has proceeded a few miles to sea, she is gradually lost sight of, 
appearing as it were to sink in the waters, or to be hidden behind 
their convexity ; the lower parts disappearing first, and the higher in 
succession. Now the figure of the object on which this appearance 
uniformly takes place must necessarily be round. 

In lunar eclipses, which are caused by the moon's passing through 
the shadow of the earth, it is always observed that the bounding line 
of the shadow on the face of the moon is a curve Une; the earth 
therefore, which casts that shadow, must be a round body. To these 
and many other considerations it may be added, that several celebrated 
navigatore, by proceeding forward always, or as nearly aa circum- 
stances adinitted, in the same direction, have actually arrived at the 
place which they sailed from, and have thus sailed round, or circum- 
navigated the earth. 

B 2 _ 
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4 NAVIGATION. 

But though the figure of the earth is nearly spherical, it is not 
exactly so. It revolves round one of its diameters once in a day ; and 
this revolution produces an eflfect upon its figure which, in nice observ- 
ations, becomes very apparent. It is flattened towards the extremities 
of the axis of rotation, but so slightly, that in computing the place of a 
ship, from the distance which she has gone, and the direction in 
which she has sailed, the earth may be safely considered as a sphere. 

The diameter round which it revolves is called the axis, and the 
extremities of that diameter the poles of the earth. That to which 
we in Europe are nearest is called the north pole, and the other the 
south pole. 

Great circles passing through the poles are called meridians ; the 
great circle, equidistant from both poles, and which therefore cuts 
the meridians at right angles, is called the equator, the equinoctial, or 
the line ; and less circles, whose planes are parallel to the plane of the 
equator, are called parallels of latitude. The meridian passing over 
any place is called the meridian of that place ; and the portion of a 
meridian intercepted between a place and the equator is called the 
latitude of that place ; and it receives the denomination of north 
or sovthy according as the place is on the north or south side of the 
equator. 

It is customary to call the meridian of some remarkable place the 
first meridian, and the angle included between the first and any other 
meridian is called the longitude of that other meridian, or of any place 
over which the meridian passes. And as the angle included between 
two great circles is measured by the arc which they intercept on 
another great circle, whose pole is at the point of their intersection, the 
longitude of a place may also be defined to be ^^6 arc of the equator 
intercepted letween the first meridian and the meridian of that place ; 
and it is considered as east or west, according as the place is situated 
towards the east or west of the first meridian. English geographers 
and seamen refer to the meridian of the Eoyal Observatory at Green- 
wich as the first meridian, Frenchmen to that of the Observatory at 
Paris, &c. 

The difference of latitude between any two places is an arc of a 
meridian intercepted between the parallels of latitude on which the 
places are situated ; and the difference of their longitudes is the angle 
at the pole included between their meridians, or the arc of the equator 
which those meridians intercept. 

Hence when the latitudes or the longitudes of two places are of 
the same denomination, the difference of their latitudes, or of their 
longitudes, will be found by subtracting the less from the greater ; 
but when they are of different denominations, by taking their sum. 

A curve that cuts every meridian which it meets at the same angle, 
is called a rhumb line ; the angle which the rhumb line makes with 
the meridian is called the course between any two places through 
which the rhumb passes ; and the arc of a rhumb line intercepted 
between two places is called their nautical distance. 

The meridian distance which a ship has made is an arc of the 
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KAVIQATION. 5 

parallel on which the ship is, intercepted between the meridian left 
and the meridian arrived at ; and the departure which a ship makes 
in sailing upon a rhumb line, is the sum of all the intermedtah meri- 
dian distances, computed on the supposition that the distance is 
divided into indefinitely small eqtuil parts. 

The parallel of latitude, which is 23° 28' north of the equator, is 
called the tropic of cancer ; and that which is 23° 28' south of the 

Xator, is called the tropic of Capricorn. The parallel of latitude, 
ch is 23° 28' from the north pole, is called the arctic circle; and 
that which is at the same distance from the south pole is called the 
antarctic circle. These four circles divide the surface of the earth 
into five parts, called zones. The part included between the tropics 
is called the torrid or hurning zoTie, from the intense heat produced 
by the vertical action of the sun's rays. Those included between the 
poles and the arctic and antarctic circles are caXLei frigid or frozen 
zones, from the great cold arising from the periodical absence of the 
sun, and the obhquity with which his rays at all times meet the sur- 
face of those parts of the earth. The two remaining parts are called 
temperate zones, from their enjoying the advantage of an intermediate 
state between ihe extremes of heat and cold which prevail in the 
torrid and frigid zones. 

The equator bisects the torrid zone, and also divides the whole 
surface of the earth into two equal parts ; that in which the north 
pole is situated being called the northern hemisphere, and the other 
the southern hemisphere. 

With respect to the magnitude of the earth, it has been found, by 
various admeasurements, to be nearly equal to a sphere of 7916 
English miles in diameter, or 24,869 miles in circumference. Hence 
a geographical or nautical mile, which is the 21,600th of 360°, is 
nearly 6079 English feet. 

For the sake of illustration, let us suppose that in the annexed 
figure, P is the north pole : 

Fig. I. 




T K Q the equator, or a great circle, every part of which is a quad- 
rant distant from P ; 

P T, P H, P K, &c., great circles passing through P, and of course 
cutting the equator at right angles ; 

A I, 6 B, E S, &c., arcs of smaller circles whose planes are parallel to 
the plane of the equator, and therefore cut the meridians at right angles ; 
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6 NAVIGATION. 

A E a curve making equal angles with P K, P L, P M, &c. 

Then P H, P K, &c., produced till they meet at the opposite pole, 
are called meridians ; 

A I, t B, E S, &c., continued round the globe, are called parallels 
of latitude ; 

A E is called the rhumb line, passing through A and E. 

The length of A E is called the nautical distance from A to E ; 
and the angle t A B, or any of its equals, c B C, d C D, &c., is called 
the course from A to E. 

Let G be the situation of Greenwich, then G H is the latitude of 
Greenwich, G P its colatitude, A E the latitude of the point A, or of 
any place on the parallel A I ; F K, or its equal E 0, is the latitude 
of F, or of E, or of any place on the parallel F E ; F A or E I is the 
difference of latitude of the points A and E, or of the parallels A I 
and E F, or of any places on those parallels. 

As P G H is the first meridian, tne longitude of G, or of any place 
on the meridian P G H, is nothing. 

The arc T H, or the angle T P H, which T H measures, is the 
longitude of the meridian P T, or of any place on that meridian ; the 
arc H K, or the angle H P K, is the longitude of A, or of F, or of 
any place on the meridian P K ; the arc H 0, or the angle H P 0, is 
the longitude of the points O, I, S, and E, or of any place on the 
meridian P 0. 

The arc K 0, which is the difference of H and H K, is the 
difference of the longitudes of the meridians P K and P 0, or of any 
two places on those meridians ; and T 0, the sum of T H and H 0, 
is the difference of longitude of the meridians P T and P 0. 

A rhumb line is a curve which makes an angle of the same mag^ 
nitude with av&ry meridian which it crosses ; it represents the track 
of a ship while sailing on any one given course ; it coincides with the 
meridian when the course is due N or S, or with a parallel of latitude 
when the course is due E or W. On any other course but these the 
rhumb line is a spiral, approaching nearer and nearer to one of the 
poles at every convolution. 

The angle which the rhumb line or ship's track makes with any 
meridian is called the course, and the length of the rhumb line passed 
over by the ship is called the nautical distance. 



Fig. 2. 




Let C A in the adjoining figure be a straight line equal in length 
to the curve line A E in the fig. (i), and let it meet the upright or 
meridian line B C, so that Z B C A shall be equal to the course, or 
Zfc A B in figure (i). 

And next let the rhumb line in figure (i) be divided into minute 
equal parts, A B, B C, C D, &c., and through B, C, D let the parallels 
B fc, C c, &c., be drawn, and it is evident that A fc + B c + d +, &c., 
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is always exactly equal to A F, the difference of latitude. Again, as 
the numher of the parts A B, B C, &c., into which the dis<»nce is 
divided is arbitrary, we may suppose them so numerous and minute 
as to diminish any errors arising from the supposition that A t B, B c C, 
&c., are plane right-angled triangles, to less than any assignable 
quantities ; and next we may suppose these triangles transferred so 
that their hypothenuses may lie m succession from C to A in fig. (2). 
It wiU then be evident that in their new position, A 6 + ^ ^ + 
C d +, &c., will exactly equal C B. Hence it is seen that C B in 
fig. (2) is equal to A F in fig. (i), or that C B equals the difference 
of latitude. 

The line A B of the plane triangle is called the departure^ and is 
equal toBft + Cc-fl^^+j &c., a principle which may be thus 
enunciated : the departure is the sum of all the intermediate meridian 
dista/nces helonging to the indefinitely smaU parts of the rhumb line 
between the place sailed from a/nd me place arrived at. It is com- 
monly assumed to be equal to the meridian distance £ S in the middle 
latitude between the place sailed from and the place arrived at, or the 
departure equals the meridian distance in the middle latitude nearly ; 
for the sum of the elementary meridian distances Bt + Cc + Di, 
&c., is greater than the arc F £ of the one, and less than the arc A I 
of the other of the two parallels between which the ship's track lies ; 
but it must be observed that this is advanced only as an approxima- 
tion ; and tiiat this reasoning £eiils when the latitudes are on different 
sides of the equator. But even in this case, if the distance between 
the parallels be not very great, the departure may be considered as 
equal to the difference of longitude. 

The right-angled triangle fig. (2) is, then, a projection of certain 
lines and angles of the sphere upon a plane; A C is the nautical 
distance, B C the difference of latitude, A B the departure, and Z C 
is the course of the ship. The points C and A are the projected 
positions of the places between which the ship sails. 

It may be further observed, that if B C and B A, or the difference 
of latitude and departure, are equal, Z C, or the course, is half a 
right angle, and that the course is greater or less than 45°, as the 
departure is greater or less than the difference of latitude. 

When any two of the four quantities which are represented in the 
triangle ABC, viz., course, distance, difference of latitude, and 
departure are given, the remaining parts can be computed by the 
rules of trigonometry. And problems relating to this projected plane 
triangle constitute what is called plane sailing. 

By means of two of the relations furnished by this figure, viz., 

Distance x cosine of cou/rse = difference of latitude, 
and Distance x sine of course = departure, 

the contents of Tables XVII. and XVIII. are calculated ; and these 
(which are called traverse tables), greatly facilitate the solutions of 

Eroblems in navigation, especially when the ship frequently changes 
er course and makes a crooked track or traverse, wnen it is neces- 
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aaryto reduce her northings and southings and her eastings and 
westings on the several portions of her track to a total difference of 
latitude and departure. This process is called resolving a traverse, 
or traverse sailing. 

^^ . 

/ All the great circles of a sphere are equal, the radius of each being 

/ equal to ihe radius of the sphere itself; hence the degrees, &c., of 

the equator are equal to those of any meridian, the earth being here 

supposed to be a sphere. 

The parallels of latitude bemg less circles of the sphere, their sub- 
divisions or degrees, minutes, &c., are less than those of the equator, 
and are less and less the further the parallel is from the equator. A 
simple formula, however, gives the relation between the magnitudes 
of an arc of the equator and the corresponding arc of a parallel of 
latitude, that is, of arcs of these circles intercepted between the same 
meridians. 

Let L represent the difference of longitude or arc of the equator^ 

M the corresponding arc of a parallel of latitude, 

I the latitude of the parallel. 

Then the formula referred to is M = L . cos ?. 

In the accompanying figure, which represents a solid portion of the 
sphere, P is one of the poles, C the centre, A B an arc of the equator, 
D E and F G corresponding arcs. of.two parallels of latitude, D H E 
and FIG their planes, and I and H their centres. 

Fig. 3. 




Then 



or, 



AB:DE ::BC:EH 

: : sm B P : sin E P, 
: : I : cos E B ; 
LI M : : i : cos Z; 
.'. M = L . cos ?. 



D E, which is here denoted by M, is sometimes called the meridian 
distance, and then the rule here proved may be thus enunciatedi Th^ 
meridian distance is equal to the difference of longitude multiplied 
into the cosine of the latitude. 

On referring again to fig. (i) it will be seen that it necessarily 
follows from the principle just demonstrated that 

E S = K X cosine E K. 
But E S has been shown to be nearly equal to the departure; K is 
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the difference of longitude between the meridians P K and K 0, or of 
the points A and E between which the ship's track lies ; and B E is 
half the sum of the latitudes of tHe same points; for it is as much 
greater than one latitude as it is less than the other : it is called the 
middle latitude. The equation above may therefore now be expressed \ 
in words as follow : 

The departure is nearly equal to the difference of longitude mvUi- • 
plied into the cosine of the middle latitude. 

And this is the fundamental relation in what is called middle lati- 
tude sailing. Its importance consists in the simple connection which ' 
it gives between the difference of longitude and the other elements of ( 
plane sailing. 

Mercator's chart is a projection of the globe upon a plane surface 
according to certain mathematical principles. In the first place the 
meridians are represented by parallel straight lines meeting the parallels 
of latitude, which are also represented as straight lines, at right angles. 

Thus the distances between the meridians are made the same in all 
latitudes, and everywhere equal to the difference of longitude; bat 
this is not the case upon the globe ; for it has been shown that the 

meridian distance = difference of long, x cosine of the lat 

or which is the same thing, 

difference of long. = meridian distance x secami of the lat. 

Therefore when the meridian distances are made ecjmL to the differ- 
ences of longitude, as they are in Mercator's projection of the globe, 
they are increased in the ratio of the secant of the latitude. 

This being established as a necessary consequence of the mere 
straightening of the meridians and parallels, and arranging them at 
right angles to each other, the next peculiarity to be noticed is the 
mode of dividing the meridians for the representation of the latitudes. 

The divisions of the meridian for latitude are made to depend on 
the following principle : The minute divisions of the meridian in the 
neighbourhood of any parallel of latitude shall be increased in the 
same ratio as the parallel itself is. But the parallels are increased in 
the ratio of the secants of their latitude ; and therefore the divisions 
of the meridians must be increased in this ratio. For example, i' of 
the meridian at latitude 60° north or south upon Mercator's chart 
must be twice as long as i' of the meridian close to the equator 
where the latitude is o''; for the secant of 0° = i, and the secant of 
60°= 2. 

To find the length to which any latitude is extended by this pro- 
ceeding, we must add the lengths of all, the lines which represent the 
minutes of that latitude together, thus — 

i' in lat. i' is represented by i' x sec i' 
i' in lat. 2' „ „ i' X sec 2' 

i in lat. 3' „ „ i' x sec 3' 

i' in lat. 4' „ ,, i' X sec 4' &c., &c^ 
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therefore the line which represents any latitude containing n minutes 
is equal to the line which represents i' on the equator multiphed by 

Sec i' + sec 2' + sec 3' + sec 4' 4- sec it 

And the sum of all these natural secants reckoned as miles is tabu- 
lated for every latitude under the name of meridional parts. 

Table XIX. is a table of this kind, but it is adapted to the spheroid 
whose compression = -^p (See note 1, p. 300.) 

That which constitutes the chief value of Mercator's chart for the 
purposes of navigation is, that the angle which a straight line joining 
any two places on the chart makes with the meridians, is equal to that 
which the rhumb line joining the sams two places on the globe makes 
with the meridians, 

Fig. 4. 



G^ 




Let A' and E' represent the projected places of the points A and E 
of the globular figure (i), then A' F' is the projected or meridional 
difference of latitude, and F E' or K' 0' the difference of longitude. 

A' F' is composed of the elementary parts of the proper difference 
of latitude increased in the ratio of the secant of the latitudes, and is 
called the meridional difiisrence of latitude. 

The intermediate meridian distances are increased in the same 
ratio, and as each is thus made equal to the corresponding difference 
of longitude, their sum is equal to the whole difference of longitude 
F' E' ; which therefore exceeds the sum of the intermediate meridian 
distances on the globe, in the same ratio that the sum of the 
meridional differences of latitude exceeds the proper difference of latitude ; 
but the intermediate meridian distances on the globe are collectively 
equal to the departure, consequently, 



Difference of longitude 
Meridional difference of latitude 



Departure ; 
Difference of latitude. 



But the latter fraction = tangent of the course 



Difference of longitude __ 
Meridional difference of latitude 



tangent of the course. 



But the difference of longitude = F' E', and the meridional difference 
of latitude = A' F', and -^j^, = tangent Z FA'E', and therefore 
Z F A' E' = the course, which establishes the principle that a 
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I 

straight line drawn tlirough any two points on a Mercator's chart 
shows, by the angle it makes with the meridians intersected by it, the 
course from the one place to the other. 

The meridional dinerence of latitude is found by takmg the sum 
of the meridional parts (Table XIX.^ corresponding to the two 
latitudes, when one is north and the otner south, and the difference 
when they are both north or both south. 

1. For example, let it be required to find the meridional difference 
of latitude between 35° 40' N and 20° 45' N. 

35° 40' N meridional parts 2281 
30 45 N „ „ 1266 

Meridional difference of latitude . . miles 10 15 

2. Again, between latitudes 3° 51' N and 5° 5/ S. 

3° 51' N meridional paria 230 
5 57 S .. » 355 

Meridional difference of latitude . . miles 585 

If the middle latitude is defined to be that intermediate latitude at 
which the distance between the meridians is exactly equal to the 
departure, then we shaU have this equation accurately. 

Departure = difference of longitude x cosine of the middie latitude. 

We have also by fig. (2), 

rr, , Departure 

Tangent course = -777^ — :^- j ,., , 

^ Difference of latitude 

^ ^ _ Difference of longitude x cosine middle lot, 
" Difference of latitude. 

And, again, it has been shown that 

m i _ Difference of longitude 

^ ~~ Meridional difference of latitude. 

Equating these two values of tangent course, and reducing, we 
arrive at the formula by which the correct middle latitude can be 
computed, viz., 

^ . - .777 7 ^.^ 1 Difference of latitude 

Ccmne of middle lahtvde = jtfa.^,J^ diff^mee of latitude. 

The mean middle latitude, which is found by taking half the sum 
or difference of the latitude, according as they are on tiie same or 
different sides of the equator, is generally used mstead of this correct 
middle latitude. The difference between them is often considerable ; 
and when the difference of latitude is large, it is desirable to use 
Mercator s sailing only. 
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Let it, for example, be required to find the mean and correct 
middle latitudes between 57° 45' S and 43° 45' S. The work stands 
thus — 





57° 
43 


45' 
45 


S 
8 


• • 


• 4248 

. 2910 


D. Lat. = 840 = 


14 





. 1338 = M. D. Lat 


D. Lat 840 
-M.D. Lat. 1338 


• 


• 


• 


. 12" 

. "3 


•924279 log. + 10 
' 126456 


51°/ 


• 


• 


• 


008 9 


•797823 



Therefore the correct middle latitude, or that which should be 
employed, is 51° 7'. 

Now by taking half the sum of the latitudes the mean latitude is 
50° 4S', and the diflference, 22', is what must be added to the mean to 
obtain the true or corrected middle latitude. 

The greater the difference of latitude, the greater the error in 
using the mean middle latitude, and hence the precept which directs 
the employment of Mercator's sailing in such cases. 

The difference between the mean and correct middle latitude yaries 
not as the difference of latitude, but yery nearly as its square, so that 
doubling the difference of latitude will giye four times the error. 

A table might be given of the corrections to be applied in all 
cases, but the middle-latitude method thus becomes Mercator's sail- 
ing disguised, and therefore no advantage would be gained by 
doing so. 

Still when the difference of latitude is small, or the ship sails 
nearly on a parallel of latitude, the middle-latitude method is to be 
preferred. 

To draw a Mercator's Chart 

Haying drawn at the bottom of the paper a line to represent the 
lowest parallel on the chart, and divided and subdivided it as may be 
thought convenient for degrees, &c., of longitude, let this line be con- 
sidered as a general line of measures, and draw perpendiculars at the 
extremities of it to represent the extreme meridians. Then, to obtain 
the proper length of the degrees in the different parts of the meridian, 
proceed as follows : — 

Take from Table XIX. the meridional parts for the latitude at 
which it is proposed the chart should commence, and also for each 
successive degree of latitude intended to be contained in it.* Then 
find the meridional differences of latitude between the latitude of the 
lowest parallel, and every other one intended to be contained in the 
chart, and dividing them by 60, for degrees, &c., take the quotients 

* If the degrees be very small in the intended drawing, or the chart be a general 
chart, including a great extent of the earth's surface on a small scale, every fifth or 
tenth degree will be sufficient. 

Digitized by LjOOQ IC 



KAVIQATION. 13 

from the bottom line, or the line of measnres, and apply them from 
the bottom on the extreme meridians, and the degrees of latitude will 
thus be determined ; and for practical purposes they may be further 
subdivided in a manner similar to the de^ees of longitude, but 
theoretically the degrees should be divided m the same way as the 
chart. The meridians and parallels of latitude being then ^wn at 
such intervals as mav be judged convenient, the situation of every 
remarkable place, rock, island, shoal, &c., comprised within the space 
represented by the chart, may be laid down from its known latitude 
and longitude ; and a compass (or more than one, if the chart be 
large) being inserted in any convenient situation, to determine the 
relative bearings of the dmerent points on the chart, the coasts, 
sands, rocks, &c., may be drawn and shaded, and the chart will be 
completed. 

To find {he latitude and longitude of any place on the Chart. 

Take the perpendicular distance of the given place from any con- 
venient parallel, and from the point where fliat parallel cuts the gra- 
duated meridian, apply the distance upon the meridian, and the same 
direction that the place lies with respect to the parallel, at the point 
to which the distance reaches, will be the latitude of the place. 

In the same way, if the perpendicular distance of a place from 
any meridian be taken and applied from the place where that meri*- 
dian cuts the divided parallel, the longitude of the place will be 
determined. 

From the latitude and longitude ofaplo/ce to find its situation 
on the Chart. 

Lay the edge of a scale over the parallel of the given latitude ; 
measure on one of the graduated parallels the distance of any conve- 
nient meridian from the given longitude, and apply this distance along 
the edge of the scale from the mace where the meridian measured 
from cuts the scale, in the same airection that the longitude lies from 
the meridian ; and the point to which the distance reaches will be the 
required situation of the place. 

To find the course between two places in the Chart. 

Lay the edge of a scale over both the places, and applying a 
parallel ruler to the edge of it, move the two parts of the ruler 
m succession till the edge of one of them passes through the 
centre of a compass, and that edge will, on the compass, indicate the 
course. 

Or draw a line in pencil along the edge of the scale, cutting any 
meridian, and the angle included between the line and the meridian 
will be the course. 

Or, having laid the scale over the places as before, place one foot 
of a pair of compasses in the centre of any convenient compass on 
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the chart, and with the other take the nearest distance to the edge 
of the scala Then carry bolt points of the compasses forward, 
keeping one of them by the edge of the scale, and the imaginary 
line which joins them perpendicular to the edge ; and the line which 
the other point describes from the centre of the compass will indicate 
the course. 

It can, howeyer, be most conyeniently done by placing a little 
semicircular protractor against the edge of the scale as it Ues over 
the places, and so that me centre of the protractor may be upon one 
of the meridians marked upon the chart, for the number of degrees 
between the edge of the scale and the meridian shows at once the 
course of the ship. 

To find a bM^' solace hy the bearing of two Jenown places or 
headlands. 

Place a ruler over one of the headlands on the chart, and apply a 
protractor to its edge, keeping the centre of it upon one of the 
meridians ; now turn the scale about until the degrees between the 
meridian and the edg:e of the scale, as indicated upon the protractor, 
correspond with the given bearing, and draw a line along the edge of 
the scale. 

Eepeat this process with the other headland, and where the lines 
intersect is the place of the ship. Or, having drawn a line to repre- 
sent a meridian, and the lines of bearing in their proper relative 
positions upon a piece of tracing-paper, lay the paper upon the chart 
80 that the meriman line shall be parallel to the meridians on the 
chart, and so that the lines of bearing shall at the same time pass 
over the two points which were observed, and the intersection of them 
will then fall on the place whence the bearings were taken. 

XJ^n a known coast such a method as this, which can be constantly 
practised, is most valuable, while its simplicity renders the neglect of 
it quite inexcusable. 

To lay down an island, roch, or headland, from observed 
bearings. 

Let the bearing be taken, and after running for some time, let 
another bearing be taken. Now marking the positions of the ship 
at the times of observation, and drawing the hues indicated by the 
observed bearings, their intersection is the place of the observed 
object. 

, Such a method as this may be employed in sketching an unhnoum 
coast as a ship passes along. 

The distance of the objects may be easily computed, for the lines 
of direction from the ship, and the distance run by the ship between 
the observations, form a triangle whose angles are known fix)m the 
course of the ship and the observed bearings ; and one side is also 
known, viz., the distance run by the ship between the observations. 
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To find the distance between two places on the Chart. 

If the places are in the same longitude, find the latitude of each, 
and if their latitudes are of the same denominations, take their 
difference ; otherwise, their sum for the distance of the places. 

If they are in the same latitude, or on the same parallel, take half 
thdr distence, and apply it on the graduated meridian on both sides 
of the parallel on which the places are situated, and the degrees of 
the meridian intercepted between the two points to which the distance 
rea<;hes will be the distance of the two places nearly. 

But if the places differ both in latitude and longitude, lay a scale 
oyer them both, and, taking half their distance, apply it both upwards 
and downwards on the graduated meridian from the middle parallel 
between the two places, and the degrees of the meridian intercepted 
between the points to which the distance reaches will be the distance 
of the places nearly. 

If half the distance be too great to be conveniently measured at 
once, one-fourth or one-eighth of it may be taken and applied upwards 
and downwards from the middle parallel as before, and the intercepted 
degrees of the meridian will be one-half or one-fourth of the required 
distance nearly. 

The distance may be found by the following method, which is exact 
in principle, and is in fact only an abridged solution of the question 
by construction, on the principles of Mercator's sailing : — 

Find the difference of latitude between the two places, and take it 
in the compasses from the graduated parallel. Then having laid a 
scale over the two places^ dide one foot of the compasses along its 
edge till the other, m sweejping, just touches a parallel of latitude ; 
and the distance from the pomt where that parallel cuts the scale to 
the point of the compasses by the edge of the scale, applied to the 
gniduated parallel, wil] show the distance of the two places. But 
this method should not be used when the course is very large. 

From the course and the distance which a ship has run from a known 
place, to determine her situation on the Chart. 

Lay the edge of a scale over the given place in the direction of the 
ship's course, and take the distance,, reduced to degrees, &c., from 
that part of the graduated meridian opposite the place on which the 
ship has been sailing, and this distance, apphed from the given 
place along the edge of the scale, will determine the situation of the 
ship. 
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Op Great Circle Sailing. 

Having now discussed in a popular way the ordinary principles of 
Navigation, it is necessary to say a word with respect to great cirde 
sailing, which has risen into rather more importance than in former 
times through the extensive use of steam vessels both for commerce 
and war. 

Great circle sailing is so called because T)y it it is attempted to 
keep a ship as nearly as possible upon the great circle which passes 
over the two places between which a voyage is made. The object of 
this is to shorten the distance, the arc of a great circle being the 
shortest distance between two points upon a sphere. 

With a little manipulation with a common globe the two places 
may both be brought to the wooden horizon, which is itself a great 
circle, and this is an excellent method for observing how the great 
circle track Ues between them. 

It will then be seen that the great circle does not meet all the 
meridians at the same angle, and this renders it necessary to change ^ 
the course from time to time, in order that the ship may avail herself 
of the shorter track thus oflfered to her. 

A knowledge of sj)herical trigonometry is necessary for a thorough 
understanding of this subject; but the beginner who has not yet 
sufficient mathematical knowledge for this, will, nevertheless, find 
little difficulty in solving problems in great circle sailing by the rules 
which are given for them. The demonstration of these rules wiU 
also be found in the third section of this work, which is devoted to 
the mathematical discussion of the rules given in the first and second 
portions. 

PBOBLEMS. 

I. To find the difference of latitude, or the difference of longitude, 
between any two places whose latitudes and longitudes are given. 

BuLE. When the given latitudes are of the same denomination, 
take their difference ; and when they are of contrary denominations, 
add them together ; and the sum, or the remainder, is the difference 
of latitude. 

The difference of longitude is found in the same manner, observing, 
however, that the difference of longitude signifies the less arc of the 
equator intercepted between the two meridians ; and therefore, when 
the longitudes are of different denominations, and their sum exceeds 
180°, the sum must be subtracted from 360° to find the difference of 
longitude. 
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The differonce of latitude wliich a ship makes is called north or 
south, and is marked N or S according as the ship has sailed on a 
northerly or southerly course. Hence a north diflference of latitude 
must be considered as increasing a north latitude, and as diminishing 
a south one, and a south difference of latitude as tending to increase a 
south latitude, and to diminish a north one. 



Examples. 

r. Bequired the difference of latitude and difference of longitude 
between the Lizard Point and the Peak of Pico ? 

LaUtndes. Longitudes. 

Lizard Point . • 49° 58' N 5° 11' W 

Pico .... 38 26 N 28 28 W 

II 32 B 23 17 W 

Diff. lat • 692 miles. Diff. long. • •1397 miles. 



2. Bequired the difference of latitude and difference of longitude 
between HalifEtx and the Gape of Good Hope ? 

Latitudes. Longitudes. 

Halifax . , , 44° 4o' N 63° 38' W 

Cape .... 34 33 S 18 24 E 

79 3 S 82 2 E 

Diif. lat. . 4743 miles. Diff. long. . • 4922 miles. 



3. Bequired the difference of latitude and difference of longitude 
between a place A in lat. 55° 58' S ; long. 6^"^ n' W, and another 
place B in lat. 43° 3/ S; long. 146° 49' E? 



A . 
B . 


•. • • 


Latitudes. 

. 55° 58' 8 
. 43 37 S 


A . . . 
B . . . 


Longitudes. 
. 67° II' W 
. 146 49 £i 




Diff. lat. 


. 12 21 N 


Diff. long. . 


214 E 
360 

.146 W 



Or, in nautical miles, difference of latitude = 741, and difference of 
longitude = 8760 miles. 
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EXAMPLES FOR ExEROISB. 

Eeqnired the difference of latitude and difference of longitude 
between A and B in the following cases : — 



Lat.A. 


Lat B. 


D.Lat 


Long. A. 


Long. B. 


D,Long: 


5 55 N 
32 oN 

6 148 
36 47 N 


t 
18 54 N 
12 43 N 
51 25 N 
4 56N 
44 24N 


185 1 N 

408 N 

1165 N 

670 N 
457 N 


' ^ 
49 14 E 

80 43 E 

80 57 W 

12 40 E 

3 4E 


72 56 E 
53 18 E 

9 29 w 

52 18 W 

8 54E 


1422 E 
1645 w 
4288 E 
3898 W 
• 350 E 



Problem 2. 

To find the latitude and longitude at wMclya ship "has arrived^ 
when those of the place which she left, and the 'difference of latitude 
and longitude which she has made, are given. 

ExTLB. If the latitude left and the difference of latitude are of the 
same denomination, add them together ; but if they are of different 
denominations, take their difference ; and the sum or the remainder 
is the latitude arrived at, and of the same denomination with the 
greater. 

Bemarh. As no place can be further distant from the equator than 
the poles, the latitude cannot exceed 90°. 

Tne longitude arrived at is found in the sanie manner as the 
latitude ; but as the longitude is reckoned both east and west, if the 
longitude left and the difference of longitude are of the same denomi- 
nation, and their sum exceeds 180°, the difference between the sum 
and 360^ is the longitude arrived at, and of a contrary denomination 
to the longitude left. 

Examples. 

I. If a ship sail from Cape Finisterre towards the south-west till 
her difference of latitude is 140, and her difference of longitude 118 
miles, required her latitude and longitude in ? 



Cape Finisterre lat. 
Diff. lat. 140 . 


. 4^ 54' N 
. 2 20 S 


Long, left . . . 
Diff. long. 118 . 

Long, in . . 


. 9° 16' W 
. I 58 w 


Lai in . . . 


. 40 34 N 


. 11 14 w 



2. If a ship sail from latitude so'' 18' S, and longitude 178° 21' E 
towards the S E till her difference of latitude is 638 and her difference 
of longitude 400 miles, required her latitude and longitude in ? 



Lat. left. . . . 
Diff. lat. 638 . 


. 50° 18' S 
. 10 38 s 

. 60 56 s 


Long, left . . , 
Diff. long. 400. 


. 178° 21' B 
6 40 E 


Lat. in . . . 


185 I 
360 



Long, in 



174 59 W 
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Examples fob Exeboise. 

Tn the following examples the latitude and longitude arrived at are 

required : — . 

^ Answer. 

Lat. left. Long. left. DifT. iat Dtff. long. Lat. in. Long. in. 

Ulles Mites 

1.48° 2'S i6°34'W 149 N 218 E 45° 3J'S 13° 56' W 

3.55 18 N 3 i8 E 80 N 163 W 56 38 N o 34 W- 

3. 48 30 N 30 6 W 175 S 360 W 45 35 N 34 26 W 

4. o o 00 . 338 N 141 W 3 58 N 3 21 W 

5. 64 3 N 3 13 W 304 S 158 E 58 58 N o 35 W 

6. 39 37 S 38 17 E 113 S 300 E 41 39 S 33' 17 E 



Pboblem 3. 

To know in what quarter of the horizon the course between any 
two places lies. 

EtJLB. If the place bound to, has a greater north latitude, or less 
south latitude, than the place to be sailed from, the course will be 
northerly ; otherwise it will be southerly. And if the place bound to, 
has greater east longitude, or less west longitude, than the place to 
be sailed from, the course will be easterly; otherwise it will be 
westerly. These directions combined will indicate the quarter in 
which the course lies. 

Examples. 

In what quarter of the horizon will the course lie from latitude 
28° N longitude 16° W to latitude 35^ N longitude 2° W ? 

Here the place bound to has greater north latitude than the place 
to be sailed from; the course, therefore, is northerly ; and as the 
place bound to has less west longitude than the place to be sailed 
from, the course is also easterly. The course is therefore between the 
north and east^ or in the north-east quarter of the horizon. 

In what quarter of the compass will the course lie in sailing from 
the first to the second of each of the following places ? 

1. From Aberdeen to Eotterdam? Answer, in the SE quarter. 

2. From the Lizard to Hahfax? Answar, in the NE quarter. 

3. From the Cape of Good Hope (Africa) to Van Diemen's Land ? 

Answer, in the SE quarter. 

4. From Cape Horn to St. Helena ? Answer, in the NE quarter. 

5. From Lisbon to Cape Farewell (Greenland) ? 

Answer, in the NW quarter. 

6. From the Cape of Good Hope (Africa) to Eio Janeiro ? 

Answer, in the NW quarter. 



2 
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THE COMPASS. 

The ooniBe of a ship, or the angle which the line on which she 
sails makes with the meridian, is determined by an instrument called 
The Compass ; which consists of a circular card suspended horizontally 
on a point, and having a magnetized bar of hardened steel, called The 
Needle, for one of its diameters. 

The circumference of the card is generally divided into thirty-two 
e^nal parts, called points ; and each of those divisions is again sub- 
diyided into four pcurts, called quarter points, 

A point of the compass being therefore the 32nd part of the 
circumference of a circle, is equal to 11^ 15'; but in some compasses, 
for delicate observations, particularly those called azimuth compasses, 
the rim of the card is divided into degrees. 

The magnetized needle has the peculiar property of pointing always 
in a particular direction, generally not &r &om me direction of the 
meridian. 

That point of the card which coincides with the northerly end of the 
needle is called the magnetic north, and the opposite point the mag- 
netic s<mth ; and, looking towards the north end of the needle, tiie 
middle point on the right, between the north and south, is called the 
easty and the opposite point the west. These four are called cardinal 
points, and the others are named according to their situation with 
respect to these cardinal points, as in the annexed figure. 
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The following table shows the degrees, &c.y corresponding to each 
quarter point of the compass : — 



Points. 




Points. 




o 


. . 0° 0' 0" 


4i . 


. . Af 48' 45' 


0} • 


. 2 48 45 


4| . 


. . 50 37 30 


oj • 


. • 5 37 30 


4f . 


. 53 36 15 


o| . 


. • 8 36 15 


5 . 


. . 56 15 




. • II 25 


5J . 


. . 59 3 45 




. . 14 3 45 


5* . 


. . 61 53 30 


1] ' • 


. • 16 $1 30 


5f • 


► . 64 41 15 




. . 19 41 15 


6 . 


. . 67 30 




. . 23 30 


6} . 


. . 70 18 45 


3} 


. . 25 18 45 


6| . 


. . 73 7 30 


2' , 


. 28 7 30 


6} . 


. . 75 56 15 


^l • 


. 30 56 15 


7 . . 


. 78 45 




► . 3J 45 


7J . ^ 


. 81 33 45 


3j i ; 


. 36 33 45 


7* . 


. . 84 33 30 


H • 


. 39 aa 30 


2* • 


. . 87 II 15 


3f . . 


. 43 II 15 


8 . , 


. . 90 Q 




. 45 







The points and qnarter points in any oonrse are nsnall}^ reckoned 
from the north ana south points ; thusN by E is one point to the 
right of N, and NW by W five points to the left of N ; SE is four 
points left of S ; SS W ^ W, two and a quarter to the right of S. 
The word riffht being used to indicate the same direction as that in 
which the huids of a watch move oyer the dial, and left the contrary 
direction. 

The situation of the needle with respect to the meridian is not the 
same at every place^ nor is it always the same at the same place. At 
present at London the north end of the needle points about 23^^ 
towards the west of the true north point of the horizon, but at the 
North Gape it points only about i^ towards the west, while in some 
parts of Davis's Straits its direction is more than 6^ points towards 
the west, and near Cape Horn it points about 22^ towards tibe east of 
the true north. 

Again, in the year 1580, the direction of the needle, at London, 
was about one point towsjrds the east of the norths while, as has been 
already observed, it at present points about 23^° towards the west. 
But in the West Indies, for a very long period, the deviation of the 
needle has undergone but a very trifling variation. 

Delicate observations appear to indicate that it is again at London 
retrograding towards the east; and Mr. Bablow, in his valuable 
'' Essay on Magnetic Attractions," observes that all the phenomena 
attending the progressive change of the needle's deviation from the 
meridian may oe accounted for by conceiving the magnetic pole to 
revolve in a parallel of latitude m)m east to west ; but that every 
place appears to have its individual pole. 

The deviation of the compass, or, as it is called, the variation cf the 
compass, may however be determined (as will afterwards be shown) 
by astronomical observations ; the points of the horizon, which eorrar 
spend to the several points of the compass, may therefore eaaily bo 
found by allowing for the variation, when it is known* 
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„ Thus, if it be found that the north end of the needle points to the 
NNW point of the horizon, the compass is then said to haye two 
points westerly yariation, and the NNE point of the compass will 
coincide with the meridian, the east point of the compass with the 
ENE point of the horizon, &c. 

But if the north point of the compass points to the NE by N point 
of the horizon, the commas is said to haye three j^oints easterly yaria- 
tion, and the NW bjr N point of the compass will coincide with the 
meridian, the east point oi the compass with the SE by E point of the 
horizon, &c. If, therefore, a ship is steered NW by a Compass which 
has two points westerly yariation, the angle which her way makes 
with the true meridian will be six points, or the ship's true course vrill 
beWNW. 

Hence, when the compass course is giyen to determine the true 
course, aUow the yariation, if it be westerly, to the hfi of the compass 
course ;- and, if eadteriy, to the right of the compass course. On the 
contrary, when the true course is known, and the corresponding 
course is required by a compass whose yariation is giyen, allow the 
yariation, when it is west, to the right of the true course, and when 
east to the left. 

When a needle which is balanced horizontally on a point is mag- 
netized, it not only acquires the property of pomting in a particular 
horizontal direction, but it loses its balanee, or becomes inclined to the 
horizon ; and it requires an additional weight to be applied to the 
elevated end of the needle to restore it to its horizontal position. This 
inclination of the needle to the horizon is called the dij> ;^ and as it id 
different in different situations, a magnetized needle which is horizontal 
in one place may not be horizontal in another. The weight, therefore, 
which is a counterpoise to the dip in one place may not be so in 
another ; and on this account nee^es properly fitted up for mariners' 
compasses haye a sliding weight applied to them, to adjust them to 
the horizontal position at any time. 

The needle, with its apparatus, is generally placed in a brass case, 
which bein^ slung in gimbals, the card is always at liberty to assume 
a horizontal position ; and in the inside of the case there are two black 
vertical lines, which with respect to the card are diametrically oppo- 
site to e ich other. The imaginary horizontal line joining these two 
vertical ones ought to be exactly in the vertical plane cutting the ship 
from stem to stern ; and the point of the card which coincides witn 
the vertical line towards the stem of the vessel indicates the direction 
of the ship's head, or shows her apparent course by the compass. 

No iron whatever should be allowed to be near the compass. 
Indeed, the whole mass of iron in a ship often exerts a perceptible 
influence on the direction of the needle, and the change of direction ' 
thus caused is named the loeal deviation, and its amount varies ac- 
<5ording to the situation of the ship's head with respect to the magnetic 
meridian. 

< If the iron were uniformly distributed in the ship, the effect of the 
local attraction on the needle would be nothing wheia the course is on 
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the magnetic meridian, and greatest when the compass course is east 
. or west ; and in practice the deviation might be taken as equal to the 
greatest deviation multiplied by the sine of the compass course. 

But in general there is nothing like uniformity m the distribution 
of the masses of iron on ship-board, and the deviation produced by 
local attraction is generally found experimentally thus : — 

A compass being sent to a distant place, visible from the ship, and 
out of the reach of local attraction, the bearing from each other of the 
compass so sent and the binnacle compass are taken simultaneously, 
as the ship's head is warped round to each point of. the compass, and 
the difference between the bearing of the shore compass from the ship 
and the opposite bearing to that observed on shore towards the ship's 
compass, is the local deviation. 

Tne directions of the ship's head having been taken by the compass 
in the ship, are therefore affected by the local attraction, and the 
apparent, compass 6«anw^ of the ship's head difiiers from the true 
magnetio hearing by the amount of local deviation due to the position 
of the ship. 

For instance, when the ship is apparently lying with her head east, 
supposing the local deviation to be one point easterly, or the north 
end of the needle to be drawn one point to the eastward, the east 
point of the compass card will be drawn to E b S, or the direction of 
the ship's head will be really magnetic E b S. 

The results should not be finally tabulated until the true magnetic 
bearing of the ship's head at each observation is found as above, this 
being the proper argument for the tables of local deviation. 

In ships of war, where the ^ns and other masses of iron present a 
large attracting surface, and in iron ships, the effect of this local 
attraction on the needle is very considerable, and instances occur when 
it even amounts to two points.* 

The general effect, north of the magnetic equator^ is to draw the 
north point of the needle towards the east on easterly courses, and to 
the west on westerly courses, a result which may be represented by 
the action of the south pole of a magnet placed somewhere in the fore 
part of the ship. The reverse of this is generally the case in the southern 
hemisphere, so that if the local deviation upon every compass course 
be obtained and tabulated at one place, it by no means follows that 
such a table wHl represent the deviation at another place. And 
although several mechanical methods for reducing or destroying thia 
effect of the mass of iron in the ship have been devised, the injudi- 
cious application of them may produce errors of even greater amount, 
and therefore it is an imperative duty of the navigator frequently to 
determine the errors of his compasses by astronomical observations. 

It has been found that the local deviation varies with many other 
circumsttoces besides the position' of the ship's head. In steam-ship, 
which ^an raise and lower their funnels, the deviation is different with 
the funnel up and down ; and Commander Walker has shown by ob- 

♦ Bee " Practical Illustrations of tlie Necessity for Ascertaining the Deviations of 
the Compass/'. by the late Captain Edward J. Johnson, B^N.. F.B.g. 
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8er?»tioiifl on board Her Majesty's iron brig ' Eecmit/ that the heel- 
ing of the vessel affected the deviations to a very considerable amount. 
And by observations on board Her Majesty's iron steam-vessel ' Blood- 
hound/ by Captain Johnson, it was found that when she was heeled 
8° to port, the deviations on the north and south points were increased 
by about 4^, that on the east and west points remaining nearly the 
same as when the ship was on an even keel. 

For further information on this important subject the reader is 
referred to the work before mentioned of the late Captain Johnson; 
^'The Mftgnetism of Ships and the Mariner's Compass," by Com- 
mander Walker; and "Rudimentary Magnetism" (Weale's series), 
by Sir W. Snow Harris, &c. 

An ingenious and very simple instrument for determining the true 
course of a ship by astronomical observations, a recent invention of 
Lieut. Friend, K.N., F.E.S., and called by him the Pelorus,* deserves 
to be more extensively known, for the many useful purposes to which 
it can be employed in practical navigation* 



PEOBLEMS. 
Pboblem I. 



When the true course^ the variation, and local deviation are given, to 
find the compass course. 

BtTLE. When the variation is west, allow it to the right ; and when 
east, to the left of the true course. 

The rule for allowing the deviation is the same. 

r is written for right ; I for left ; r S for right of south; r N for 
right of north, &c. 

Examples. 

I. The true course from the Lizard to St. Mary's is SW } W, and 
the variation 2| points W, and supposing .the local deviation to amount 
to 8° W, what is the compass course ? 

SW f W = 4f pta . . r S 
Var. = 2i . , . r 

7} = 84° 33' rS 
Dev. 8 or 



Oompass course . , . 93 23 rS 



This 92° 23' r S, being subtracted from 180°, leaves 87° 37' I N, 
or the required compass course is N 87° 37' W, or W i N nearly. 

* Manufactured by Messrs. Biowniug, of the Minories. 

Digitized by VjOOQ IC 



NAVIQATIOK. 25 

2. Let it be required to find the course by^ oompafls in the same 
ship, back again from St. Mary's to the Lizard : the true course 
being NE | E, yariation 2| points W, the local deviation will be 
about the same amount as before, but to the eastward, say 7° 45' E. 

NEfB . . . 
Var. . . . 




The course by compass is therefore N 76° 38' E, or about ENE | E, 
whereas the course by compass in the opposite direction was W ^ N, 
and had there been no local deviation, the compass courses would 
have been 7i pts. r N and 7i r S, that is, E 4 li and W 4 S, which 
are diametrically opposite to each other. This may be illustrated by 
the annexed diagram : — 




Let A and B represent two places on the same parallel; a ship at 
A with her head towards B will have the north end of the needle of 
her compass drawn eastward in north ma^etic latitude ; suppose one 
point to DC the amount of deviation, in tms case her course to B will 
be E by N. Again at B, with her head towards A, ihe north end of 
the needle will he drawn to the westward as indicated by tiie fleur-de- 
lis, and her course to A will be about W by N : and if, not knowing 
the existence of local deviation, she were to steer east firam A, or 
west from B, she would be in danger of running on the reef G^ to 
the soutliward both of A and B. 



Pboblem 2. 

When the course hy the compass is given, with the variation and local 
deviation, to find the true course. 

EuiiE. When the variation is west, allow it to the lefty and when 
east, to the right of the compass coTirse. The rule for allowing the 
load deviation is the same. 
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Example. 



If a ship steer by compass NNW J W, when the variation is 23° E, 
and the local deviation for the position of the ship's head 3° 20' W, 
what is the tme course ? 



NNW 


iW = 

Var. = 

Dev. 


28° 
23 


/IN 

r 




5 
3 


7/N 
20 1 




8 


27 m 



Therefore the required fame course is N 8° 2f W. 



LEEWAY. 

The angle included between the direction of the fore-and-aft line of 
a ship, and that in which she moves through the water, is called the 
leeway. 

When the wind is on the right-hand side of a ship, she is said to 
be on the starboard tack ; and when on the left-hand side, she is said 
to be on the ^ort tack ; and when she sails as near the wind aa she 
will lie, she is said to be close-havled. Few large vessels will lie 
within less than six points of the wind, though small ones will some- 
times lie within about five points, or even less; but, under such 
circumstances, the real course of a ship is seldom precisely in the 
direction of her head ; for a considerable portion of the force of the 
wind is then exerted in driving her to leeward, and hence her course 
through the water is in general found to be to the leeward of that on 
which she is steered by the compass. Therefore, to determine the 
'point towards which a ship is actually moving, the leeway must be 
allowed /rom the wind, or towards the right of her apparent course, 
when she is on the port taok ; but towards the left when she is on the 
starhoard tack. 



Example. 

If a ship's course by compass be N b E J E, and she make 2^ points 
leeway, with the wind at NW i W, required her true course? The 
.variation of the compass being 17° 45' W, and the local devia- 
tion 5° E. 
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Variation 
Deviation 



if 45' I 
5 Q *• 

" 45 I 



Compass conrse . 


i6° 

12 


52' rN 

45 I 


Apparent oourae 
Leeway i\ points 

True course . . 


4 

35 

29 


7rTf 
19 r 

26 rN 



Therefore the true course is N 29*^ 26' E. 



Examples for Exeboibb. 



Compass Courae. 
SSWfW 
NWb W 
EbN . 
WSW^W 
E^S. 
SWbS 
SSE . 
WbN 
E8E 
NNE}E. 
NE . 
NWbW. 



Variation. 

ifVf . 

25 w . 

32 E . 

15 E . 

21 W . 

25 E . 

2 pt8.W 

3ipt8.E 

4 pt3.W 

lipts. W 
2 pts.E 
ijpts. W 



Deviation. 

7iW 
12 E 
15 W 

4 W 

10 W 

17 w 

20 E 

2 E 

11 W 



Tack. Leeway. 
Port . .2} pts. 

Starboard 3 

Starboard 1} 

Port . . 2 

Port . . 2} 

Starboard 1} 

. Port . . 3 

Starboard 3 J 

Port . . 2 

Port . . 2} 

Starboard 3 

Starboard ij 



True Course. 
837° 3'W 
S57 30W 
S 76 56 E 
N84 23 W 
S81 15 E 
S31 53 W 
S 6 15 E 
S87 
S 70 
N41 
N38 
S79 



4W 

o E 

22 E 

45 E 

oW 



THE LOa. 

• 

A ship's rate of sailing is estimated bv heaving into the sea a piece 
of wood called The Loo, so loaded with lead that it will just swim. 
The log is then conceived to remain stationary in the water, and a Une 
is attached to it, called the Loo-line, which at its other end is wonnd 
round a reel. The reel being turned, the part of the line that is with- 
drawn from it by the log in a given time is the distance which the 
ship runs from the log during that interval ; and hence, by propor- 
tion her distance for any other time may be obtained, while her rate 
of sailing continues the same. 

The log is made in the form of a sector of a circle, and the lead 
with which it is loaded is applied to the arc ; the central point is 
therefore vertical in the water. 

The line is so attached to it that the flat side of the log is kept 
towards the ship, that the resistance of the water against the face of 
the log may prevent it, as much as possible, from being dragged after 
the ship by tne weight of the line or the friction of the reel. 

The time which is usually occupied in determining a ship's rate is 
half a minute, and the experiment for the purpose is generally made 
at the end of every hour, out in common merchantmen at the end of 
every second hour.. As the time of operating is half a minute, or the 
1 20th part of an hour, if the line were divided into I20ths of a 
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nautical mile, whatever number of those parts a ship might nm in 
half a minute, she would, at the same rate of sailing, run exactly a 
like number of miles in ai£ hour. The I20th part of a mile is by 
seamen called a hnot^ and the knot is generally subdivided into smaller 
parts, called fathoms. Sometimes (and it is the most convenient 
method of division) the knot is divided into ten parts ; more frequently 
perhaps into ei^ht; but in either case the subdivision is called a 
fathom. In ships where no great accuracy in navigation is at- 
tempted, the knot is subdivided into four parts, and sometimes only 
into two. 

We shall, however, consider a fathom as the tenth part of a knot ; 
and as a nautical mile (p. 5) is 6079 ^^^9 ^^ 120th part of this, or 
the length of a knot, will be 50*66 feet, or nearly 50 feet 8 inches. 
Hence a fathom ought to be 5 feet and eighlr-tenths of an inch nearly. 
In practice, however, 50 feet is generally considered as sufficient for 
the length of a knot, for the log is always in some degree drawn 
towards the ship, and therefore the distance given by a correct line is 
always less than the true distance. The operation for estimating the 
rate is called by seamen heaving the hg. 

The time is measured by a sand-glass, which ought of course to run 
out in 30 seconds. A quantity of the line, called the stray line, is 
allowed to run out before the glass is turned, that the log may be 
without the reach of the ship's wake. When the glass is run out, the 
knots, and parts of a knot between the ship and .the mark at the end of 
the stray Ime, indicate the distance which the ship has run from the 
log in the interval of time measured by the sand-glass ; hence her 
hourly rate of sailing is known. 

The time which the sand-glass takes in running out, and the length 
of the knots of the log-line, should frequently be examined ; for the 
time by the sand-glass is materially affected by the state of the atmo- 
sphere, and the log-line is liable to contract from the action of the 
water ; and it may happen that the whole line, or different parts of it, 
may accidentally be sixetehed. 

If either the §lass or the line, or both be found erroneous, the error 
must be ascertained, and the true distance may then be found by a 
simple formula, which may be thus investigated : — 

I. Let E and D represent the correct length of the knot, and the 
true distance, and h and d the erroneous knot, and erroneous distance 
found with it. Now, if the knots used be too short, the number run 
out in half a minute will be greater than it should be, and the esti- 
mated distance will be too great in the same proportion ; or, stating 
this in general terms, the distance found wiU be inversely as the 
length of the knots — 

.". K : i : : c? : D, 
and consequently 

!> = ¥ 

Hence this rule for correcting an erroneous length of knot. 
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Multiply the estimated distance (d) by the measured length of the 
knot in feet {k\ divide the product by the proper length in feet 
(K = 50), and the quotient wiU be the corrected distance. 

2. If me sand-glass runs out too quickly, then as the line will not 
be allowed to run out so long as it ought, the estimated distance will 
be too small^ and when the sand-glass runs out too dowly, it will be 
too great. 

Hence the distance estimated by an erroneous sand-glass will be 
proportional to the number of seconds the sand-glass takes to run out, 
or if T and t represent the number of seconds the glass should take, 
and the number of seconds it actually takes to run out — 

t : T :: d : D 

T d 

Hence the true distance D = — '— 

z 

Therefore multiply the distance corrected for any error in the 
length of the knot by the number of seconds the sand-glass should 
take to run out (T = 30^), and divide the product by the number it 
really takes, and the result will be the distance corrected for both 
errors. 

Examples fob Exebgise. 
In the following examples the true distance is required : — 





Dlstby 


Length of 








Log. 


Knots. 


Seconds by 


Answer. 




MUes. 


Feet 


Glass. 


Trae distance. 


I. 


87 


48 


26 


96 


2. 


218 


53 


31 


224 


3. 


146 


46 


28 


144 


4. 


159 


^ 52 


27 


184 


5. 


46 


51 


28 


50 


6. 


102 


48 


28 


105 



PLANE SAILING. 

In plane sailing the earth is considered as a plane, the meridians as 
parallel straight lines, and the parallels of latitude as lines cutting 
the meridians at right angles. And though it is not strictly correct to 
consider any part of the earth's surface as a plane, yet, when the 
operations to be performed are confined within the distance of a few 
miles, no material error will arise from considering them as performed 
on a plane surfja.ce. And, as we have already seen, in all questions 
where the naviical disfanee, difference of latitude, departure and 
cowse^ are the objects of consideration, the results will be the same, 
whether the lines be considered as curves drawn on the surface of the 
globe, or as equal straight lines drawn on a plane. 
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In all maps and charts, and oonstrnctions, ^hen it is not otherwise 
stated, it is customary to consider the top of the page as the north, 
the lower part as the south, the right side as the east, and the left as 
the west. The meridians, therefore, in any construction, will be 
represented by vertical lines, and the parallels of latitude by 
horizontal ones. 

Hence, in constructing a figure for the solution of any case in plane 
sailing, the difference of latitude will be represented by a vertical line, 
the departure by a horizontal one, and the distance by the hypotbe- 
nusal line, which forfus, with the difference of latitude and departure, 
a right-angled triangle; and the course will be the angle included 
between the difference of latitude and distance. 

With this understanding, the solution of any case that can arise 
from varying the data in plane sailing will present no difficulty. 

When the course is given, with the distance, difference of latitude 
or departure, the questions can be readily solved by Tables XV II. and 
XVIII. The course being found at tne top of the page when less 
than half a right angle, and at the bottom when more than half a 
right angle, taking care also to look for the names of the columns at 
the same end of the page as the course is found at. 

With a little more trouble those problems in which the course is 
required may be also solved by these tables. 

When the distances, &c., are over 300, they may be divided, 
taking care to multiply the results by the number used in the 
division. 

Examples. 

I. If a ship sail from Cape St. Vincent S W i S 148 miles, 
required her latitude in, and the departure which she has made ? 




Let A represent Cape St. Vincent, A B the meridian, B C the 
parallel arrived at, to the southward of the Cape, and let C be the 
place arrived at to the westward of the Cape. Then A C is the 
distance, A B the difference of latitude, B C the departure, and angle 
A the course. 

Angle A and A C are given quantities, A B and B C are required. 

AB = AC. cos A . . and • . BC = AC. sin A. 

AO 148 .... 2T70262 AO 148 . . . . 2*170262 . 

C08 Z A 3i points . 9' 888185 Sin Z A 3J points * 9*802359 

AB 114*4. . . . 2-058447 B0 93"89. . . . i"97262i 



Digitized by LjOOQ IC 



NAVIGATION. 31 

Thus tiie diip is 1 14*4 miles to the southward of the Gape^ or the 
difference of latitude = 1° 54' '4 S. 

Latitude of Cape St. Vincent . ... 37° 3' NT 
Difference of latitude 1 54 S 

Latitude in 35° 9' N 

2. If a ship sail from the Cape of Good Hope southwestward till 
she arrive in latitude 36° 34' S, and it be found that upon the whole 
she has made jTS miles of departure, required the course and distance) 
which she has made ? 

Latitude of Cape of Good Hope . . • 34° 23' S 
Latitude in . 36 34 S 



Difference of latitude 3° 11' S = 131 miles. 

(See fig. to Example i.) Here A B represents the difference of 
latitude 131 miles souths and B G the departure 75 miles west. 

T> n 

And -r-rg = tan Z A ; and A B. sec Z A = A ; 
Ai5 

Or T^.j^T A = i^^ course, and Diff. lat. x sec course = distance. 
Dtff. Loit. ^ 

Dep. 75 .... i'875o6i Diff. lat. 131 . . . 2-117271 

Diff. lat. 131 . . . 2'ii727i Course 29° 47' 80010*061525 

Course 29° 47' . . tan 9-757790 Dist. 150*9 • . . 2*i78796 

Hence the course is S 29° 4/ W, and the distance 150*9 miles. 

Examples fob Exeboisb. 

1. If a ship sail from Oporto, latitude 41'' 9' N, NW i W 315 
miles^ required her departure, and the latitude she has arrired at ? 

Ajiswer, dep. 233-4 miles W, and lat. 44° 41' N. 

2. If a ship sail from lat. 55° i' N, SE by S, till her departure is 
45 miles, required the distance she has sailed, and her latitude ? 

Answer, dist. 81 miles, and lat. 53° 54' N. 

3. A ship from lat. 36° 12' N, sails south westward till she arrives 
in lat. 35° i' N, having made 76 miles of departure, required her 
course and distance ? 

Answer, course S 46° 57' W, and dist. 104 miles. 

4. A ship from lat. 40° 5' N sails SW \ S till she arrives in lat. 
36^ 7' N, required her distance and departure ? 

Answer, dist. 307 -9 miles, and dep. 195 • 3 miles W» 

5. A ship from Funchal, latitude 32° 37' N, sails between the 
south and west, till her diff. lat. is 114, and her dep. 97 miles, 
required her course, distance, and latitude ? 

Answer, course S 40° 24' W, dist. 149*7 miles, and lat. 30° 43' N. 
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6. A ship sails from the Gape of Good Hope, latitude 34^ 23' S, 
sontlieastward till she arriyes in lat. 40^ 10' S, haying mn 700 nules, 
required her course and departure ? 

Answer, conrse S 60° 1/ E, and dep. 608 'O miles E. 

7. If a ship sail NNW } W, 123 mUes, from lat, 18°2'N, required 
her departure and latitude arriyed at? 

Answer, lat. 19® 47' N, and dep. 63 • 2 miles W. 

8. If a ship from Halifax, latitude 44" 40' N, sail SE ^ E till her 
dep. is 128 miles, required her latitude and distance? 

Aoswer, lat. 42° 55' N, and distance 165-6 miles. 

9. If a ship sail from Cape Finisterre, latitude 42° 54' N, SSW } W, 
234 miles, required her latitude and departure? 

Answer, lat. 39° 33' N, and dep. 120' 3 miles W. 

10. If a ship from lai 50'' 16' N, sail southeastward till her distance 
is 137, and her departure 1 12 miles, required her course and latitude 
come to? Answer, course S 54° 50' E, and lat. 48*" 57' N. 

11. If a ship sail NW by W J W from lat 30^ 14' N till her 
departure is 204 miles, required her latitude, and thie distance she has 
sailed ? Answer, distance 231 '4 miles, and lat. 32*^ 3' N. 

12. A ship from lat. 12'' 17' N, sails NE J N 201 miles, required 
her latitude and departure ? 

Answer, lat. 14° 46' N, and dep. 135 miles E. 

13. A ship sails from the North Cape, in Lapland, in latitude 
71° 10' N, 200 miles, and it is then found tiiat she is to the westward 
of the Cape, and 125 miles south of it, required her course, latitude, 
and departure ? 

Answer, course S 51° 19' W, lat 6^ s' N, dep. 156- 1. 

14. A ship from the east point of St. Mary, Azores, latitude 
36° 58' N, sails ENE i E till she arriyes in the latitude of Lisbon, 
38° 42' N, required her distance and departure ? 

Answer, dist 358*3, and dep. 342-8. 

15. A ship leaying Charleston light, latitude 32° 43' N, sails 
northeastward 128 mues, and is then by obseryation found 39 miles 
north of the light, required her course, latitude, jind departure ? 

Answer, lat 33° 22' N, course N 72° 16' E, and dep. 122. 

16. A ship sails from Cape St. Eoque, latitude 5° 25' S, NE \ N, 
7 mfles an hour, from 3 p.m. tiU 10 a.m., required her distance, 
departure, and latitude arriyed at ? 

Answer, lat 3° 42' S, dep. 84-38, and dist, 133. 

17. A ship from lat 41° 2' N sails NNW | W, 5i miles per hour 
for 2\ days, required her distance, departure, and latitude arriyed at ? 

Answer, lat. 45° 45' N, dep. 169-7, ^^^ dist 330. 

18. If a ship sail from lat 48° 27' S, SW by W, 7 miles an hour, 
in what time will she reach the parallel of 50° S ? 

Answer, 23-9x4 hours. 
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19. If a ship sail from Cape Horn, latitude 55° 58' S, due sdnth 
121 miles, and then due west .121 miles^ required her course, dis- 
tance, and latitude ? 

Answer, course SW, dist. 171 ' i, lat. 57^^ 59' S. 



TEAVERSE SAILING. 



When a ship is obliged to sail on different courses, the crooked line 
which she describes is called a traverse, and the method of finding a 
single course and distance, which would have brought the ship to the 
same place, is called resolving a traverse, 

A trarerse is resolred by finding the difference of latitude and 
departure corresponding to each course and distance, and entering 
them in a table, of which the form will be found in the first of the 
following examples ; taking care, when the ship steers soidhioard, to 
enter the difference of latitude in the colunm marked S ; but in the 
column marked N, when the course is northward. In hke manner, 
when the course is eaderly or westerly^ the departure must be entered 
in the column marked E, or W, accordingly. 

Thus, when the course is SE by S, the difference of latitude must be 
entered in the column S, and the departure in the column E ; when 
the course is W :J^ N, the difference of latitude must be entered in the 
column N, and the departure in the column W; when the course is 
exactly E, W, N, or S, the whole distance will, of course, be entered 
in the corresponding column, E, W, N, or S. Then the difference 
between the sum of the numbers in the column marked N, and the 
sum of those in the column marked S, will be the whole difference of 
latitude, and of the same denomination with the greater sum ; and in 
like manner the difference between the sum of the numbers in the 
columns marked E and W wiU be the whole departure, and of the 
same denomination as the greater sum. 

The difference of latitude and departure corresponding to each 
course and distance are to be taken from Table XVII. when the 
course is given in pointa, and from Table XVIII. when it is given in 
de^ees. 

Having then obtained the whole difference of latitude and depar- 
ture which the ship has made, the corresponding course and distance 
may be computed by " plane sailing." 

EXAIJIPLES. 

I. A ship from Cape Clear sails SSE i E 16, ESE 23, SW by 
W i W 36, W I N 12, and SE by E i E 41 miles, required the 
equivalent course and distance, and the latitude of the place which 
the ship has arrived at ? ^ 
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Fig. 5. 




Hap. 19' «m 



Take A for the place sailed from, and draw the vertical line 
N A S C representing the meridian. Then A D E F G B may re- 
present the track of the ship, B the place arrived at, A B the distance 
made good; and B being drawn perpendicular to the meridian 
N C, will represent the departure, A C the difference of latitude, and 
Z C A B the course made good. 



Tbatebsb Table. 



Courses. 


Dist 


Difference of Latitude. 


Departure. 


N. 1 S. 


E. 


W. 


S8E i B 


16 
33 
36 

13 

41 




14*5 

8-8 

I7-0 

21T 


6-8 
21-3 

35-a 


31-8 
II-9 


ESE 

8w by w } w , . . . 

Wf N 


I's 


8E by E ^ E 




Course s i8° e, diat. 


63 m. 




1-8 


6i-4 
1-8 


63-3 

43-7 


43*7 


59V6 


19*6 



Lat. left . . 
Diff. lat. . . 


. . 51° 25' N 

. . I S 


Lat. in . . 


. . 50 25 N 
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d. lot, 

Dep. 19*6 . , . I '293256 
D. lat. 59'6 . . . I '775246 

Course S i8° 12' E tan 9'5i7oio 



Did, = diff, lot. X 9ee eoune. 



D. lat. 59'6 . 
Course 18° 12' 

Dist. 62*74 , 



. I-775H6 
sec. 10-022289 



1*797535 



therefore the course is S 18° 12' E, and the distance 62-74 miles. 

2. If a ship sail from latitude 28° 46' S^ on the following compass 
courses, yiz., SW f W 62, S by W 16, W } S 40, SW } W 29, 
S by E 30, and S | E '14 miles, required her latitude and the course 
and distance made good ; the variation of the compass being 21^^ W ? 

The variation being given in degrees, the courses may be expressed 
in degrees, and then corrected for the variation as follows — 



I. SW|W=53j°rS 
Var. • = 2ii Z 

S32 W 



2. SbyW = iii°rS 
21^ I 

8 10} E 



3. WJS =8ii°rS 

21} I 

S60 W 



4. SW i W as the first. 



5. SbyE =iil°ZS 
21} I 

832! £ 



6. 8 i E = 8}° i 8 
2ii I 

8 30 E 



CoTirses. 



Dl8t 



Difference of latitude. 



S. 



Departure. 



E. 



W. 



8 32" W 
8 10 E 
s6o If 
8 32 If 

8 33 B 
8 30 E 



62 
16 
40 

29 
30 



52-6 
15-8 

20'0 

24'6 
25-2 

I2'I 



2-8 



16-3 

7'o 



32'9 

34'6 
15*4 



Lat. from 
D. lat. . 

Lat. in . 



28° 46-0' 8 
2 30-3 8 

31 i6'3 8 



6,0)15.0-3 


26*1 82*9 


D.lat. 2° 30'- 3 8 


26'I 




Dep. 56-8W 



Dei 



Uep. 
Diff. 



Tan course = 



56-8 . 



lat. 150*3 



Pep, 
Diff. lat 

. 11-754348 
. 2'i76959 



Course 8 20° 42' W tan 9*5 77389 



Dist = Diff. lat, X see course, 

Diff. lat. i50'3 . . 2'i76959 
Course 20® 42' sec . 10 '028982 



Dist. 1 60 '6 



2*205941 
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Examples fob Exercise. 

1. A ship sails from Cape Clear, in latitude 51° 25' N, S by W 23, 
WSW 40, SW } W 18, W i N 28, S by E 12, and SSE } E 16 
miles, required ber conrse, distance, and latitude come to ? 

Answer, course S 45° 47' W, dist. 102 ;4, and lat. 50° 14' N". 

2. If a ship sail from Porto Sancto in latitude 33° 3' N, ENE 18, 
NE i E 40, N i E 13, NW I W 16, and NE J N 23 miles, required 
her course, distance, and latitude ? 

Answer, course N 34° 30' E, dist. 88- 1, and lat. 34° 16' N". 

3. A ship from lat. 41^ 12' N sails SW b W 21, SW i S 31. 
WSW i S 16, S I E 18, SW i W 14, and W i N 30 miles, required 
her course, distance, and latitude arrived at ? 

Answer, course S 52° 49' W, dist. 1 1 1 -7, and lat 40° 5' N. 

4. If a ship sail from lat. 44^ 16' N the following true courses and 
distances, viz. :— N 38° W 50 miles, N 47° W $7 miles, N 10° W 
47*8 miles, N 33° E 49-5 miles, and N 55° E loi miles, required 
her course and distance made good, and latitude in ? 

Answer, course N 7° 20' E, dist. 226*6, lat. 48° o' 48" N. 

5. If a ship 'sail from Halifax, latitude 44° 40' N, E i S 23, 
SE b E 30, E b N 45, and NE | N 25 miles, required her latitude 
in, and course and distance made good ? 

Ans., lat. in 44° 50' N, course N 84° 42' E, and dist. 107*2 miles. 

6. Yesterday, on leaving the Lizard, latitude 49° 58' N, the land 
bore from us NE 18 miles : since that time we have sailed WSW 14, 
SW by W 26, SW i S 37, SSW i W 29, and W IS miles, required 
our present latitude, and the course and distance which we have 
made? 

Ans., lat. in 48° 31' N, course S 48° 20' W, and dist. 131 • 3 miles. 

7. On leaving the Cape of Good Hope for St. Helena, we took 
our departure from Cape Town, latitude 33° 56' S, bearing SE b S 
12 miles: after running NW 36, and NW b W 140 miles, required 
our latitude in, and the course and distance which we have made ? 

Ans., lat. in 32° 3' S, course N 52° 41' W, and dist. 187 miles. 
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PAEALLEL SAILING. 

In the questions under the heads of plane sailing and traverse 
sailing nothing 'has been said of the change of lon^tade which the 
ship always makes whenever she sails in any direction excepting on 
the true meridian. 

In order, however, to determine the ship's position, it is necessary 
to know both how much her latitude, and how much her longitude is 
changed, since her position was last determined. 

We mil, however, first consider the simple case of a sbip sailing on 
a parallel of latitude, by which her longitude is changed but her lati- 
tude remaius unaltered. 

It has been demonstrated at page 8 that the 

Meridian distance = difference of longitude x cosine latitude, (i) 

where the meridian distance denotes the arc of the parallel between 
the meridian sailed from and the meridian arrived at. 

If the difference of longitude is sought, we have 

T^.j^ ^ , . , , Meridian distance. , v 

Merer^ of hnffttude =-^^^^^^ - (2) 

Again, if the latitude is required, 

^ . 7 .., jj Meridian distance, , y 

Cosine latitude = ^rv-jr- >? — m j- (3) 

JJifference ojlongitvde, ^ ' 

By means of these relations the following questions may be solved. 



Examples. 

1. A degree of a great circle is about 69*3 English statute miles; 
how long is a degree of the parallel of London in latitude 5 1'' 29' N ? 

Let the difference of longitude = i = 69*3 miles, 
And the meridian distance = Jtf" = 1° of the parallel. 
Then M = L, cos latitude. 

L69-3 .... 1*840733 

Lat.5i°29' . . cos 9*794308 

M 43'i6 . . . . 1*635041 

The answer is therefore 43 ' 16 miles. 

2. If a ship sail on the parallel of 60°, and change her longitude 
2°, requiied me meridian distance ? - Answer, 60 miles. 
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^^' 3. If a ship sail east firom Cape Eace 212 imles, required her 
longitude ? Latitude of Cape Eace 46° 40' N, and longitude 53° 3' W. 

Answer, longitude 47^ 54' W. 

/^ 4. Two places are both in latitude 50° 12', and their difference of 
longitude is 34° 48'y required their distance from each other? 

Answer, 1336 miles. 

5. Where will the distance run by a ship on a parallel of latitude 
be one-third of the difference of longitude she makes ? 

Answer, in latitude 70° 31' 44". 

6. One place is carried hj the earth's rotation 278*6 miles per 
hour &ster than another, and the difference of their latitudes is 20"", 
what are their latitudes ? Answer, 40° 30' and 60° 30'. 

7. One place is carried twice as &st as another place by the rota- 
tion of the earth, and their difference of latitude is 20^, required their 
latitudes? Answer, 52° / and 72° 7'. 

8. If the still air at A were transferred to B, yS degrees further 
north, it would cause a wind of b miles per hour; and u transferred 
to 0, )3 degrees further south, it would cause a wind in the contrary 
direction of miles per hour : find the latitude of A when the ratio 
of6tocissto4 and )8 = 20°. Answer, latitude 57° 47'* 



MIDDLE-LATITUDE SAILING. 

Whenever a ship sails in any direction, excepting on a meridian, 
or at right angles to the meridians, both her latitude and longitude 
are changed ; and whenever the difference of longitude made on an 
oblique course comes under consideration, the principle mentioned at 
page 9 may be employed, viz. : — 

Departure = difference of hnffUude x cosine middle lat. (i) 
From this equation we have also 

Difference of longitude = depa'^ure x secant middle lat. (2) 
Or, since by plane sailing, 

Departv/re = distance x sine cov/rse. 
Therefore 

Difference of longitude = did. x sin. course x secant mid. hi. (3) 
By plane sailing, also, 

Departure = difference of latitude x tangent course. 
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And equatmg tliis to the second side of equation (i), and dividing by 
the difference of latitude, 



Tangent course = 



^ Difference of longitude x cos ine middle hi. 



, Difference of latitude. 



(4) 



And these equations (i), (2), (3), (4) are the principal of those 
which belong to middle-latitude sailing. 



Examples. 

I. Bequired the latitude and longitude arrived at after sailing 
from latitude 32^ 30' N, longitude 25° 24' W, NW by W, 212 
miles. 



Diff. lat, = Dm<. X coaeourte. 
(i.) Dist. 212 . . . . 2*326336 
Course 5 pts. . cob 9*744739 



Dep, zs Dist. X atn coune, 

(2.) Dist. 212 . . . 2 '326336 
Oourse 5 pts. . sin 9*919846 



D. lat 117*8 . . 2-071175 


Dep. 176*3. 


. . 2-246,182 


(3.) Lat. fyom . . 32° 30' N 
Diff; lat. 117-8 . I 57*8 N 


(4.) Lat. from 
Latin . . 


. 32° 30' N 
. 34 27-8 N 


Latin ... 34 27-8 N 


2)66 57-8 




Middle lat . 


. 33 28-9 


(5.) Diff. long. = Dep. x see mid. lat. 






Dep. 176*3 . . . 2-246182 
Mid. lat 33° 29' sec 10*078810 


(6.) Long, from . 
Diflf. long. 211 


. 25° 24' w 
•3 3 3i;3 w 


Diff. long. 211*3 . 2-324992 


Long, in 


. 28 55*3 W 



Therefore the answer to the question is, latitude in 34° 27' -8 N, 
longitude in 28° 5 5' • 3 W. 



2. Required the true course and distance from A to B, the latitude 
of A 52* 34' N, the longitude 41° 18' W, and the latitude of B 
51° 20' N, and longitude 40° 57' W ? 



Lat A . 
LatB . 


. • 52° 34'N 


Long. A . . 
Long. B . . 

Diff. long. . 


. . 41° 18' W 
. • 40 57 ^ 


Diff. lat. . 


. I 14 = 74 S 


• • 21 E 




2)103 54 





Mid. lat . 



51 57 
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(r.) Dep. = Diff. long. X cos mid. lat. 

Diff. long. 21 . , 1*322219 
Mid. lat. 5 1° 5 7' COB 9 • 78982 7 



Dep. 12*94, 



1*112046 



Vep. 
(2.) Tan course = ^.■- . . - 



Dep. 129*4 
Dm. lat. 74 

Course 9** 55' tan 



1*112046 
1*869232 

9*242814 



Dist = Diff. lat. X sec course. 
Diff. lat. 74 . . . 1*869232 
Course, flee . . . •006538 



Diflt. 75*12 = 



1*875770 



Therefore the course is S 9° 55' E, and the distance 75 ' 12. 

The difference of longitude in the first question, and the course in 
the second question, may be computed directly by means of equations 
(3) and (4), and the work stands thus : — 



T>. long, in ist Question. 
Dist. 212 . . , . 2*326336 
Course 5 points - . sin 9*919846 
Mid. lat. 33° 29' . see 10*078810 



D. long. 211*3 



Course in 2nd Question. 
D. long. 21 • . . 1*322219 
Mid. lat. 5 1° 5 7' cos 9' 789827 



2*324992 



D. lai 74 



Ii'ii2046 
— 1*869232 



Course S 9° 55' E tan 9*242814 

It will be noticed that the tabulations are a little more concise. 



Examples. 

In these questions the latitude and longitude of A, and the course 
and distance sailed, are given, and the latitude and longitude of B 
are required. 



A, Place Sailed fboh ; B, Place Abbiyed at. 




Ut. A 


LoDg.A 


Trae 
Course. 


ristm 

Miles. 


Lat.B. 


Long. B. 




/ 
39 30 s 


/ 
74 20 B 


swb W 


210 


4° 26*78 


/ 

70 30*5 E 




46 24 N 


47 15 W 1 NE ^ B 


270 


49 15-3 N 


42 4*1 w 




51 10 s 


168 37 B WNW 




48 31*2 8 


158 42*5 E 




22 18 s 


57 28B 


Eby 8 




23 19*8 8 63 5*3 E 




23 25 s 


• 13 35 w B 




23 25*OS 


. a57*iw 




20 5 N 


154 17 '^^l esbJb 




18 28*3 N 


148 39'4W 




53 30 N 


II 46 w 


n8o°w 




54 45 "ON 


23 52-OW 


8 


56 N 


29 34 w 


B47°B 


168 


58*68 


27 3i«i w 
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In the following questions the compass course and the distance 
from A to B are required : — 





Lat.A. 


Long. A. 


Lat.B. 


LoDg.B. 


Variation. 


Conrae. 


DlsLln 
Miles. 


I 


o ' 
49 35 N 


o ' 
24 50W 


' 
43 37 N 


' 
20 17 W 




27W 


' 
8. 39 E 


404-2 


2 


45 i6 8 


13 46 B 


43 10 B 


12 22 W 


15 w 


N. 68 36 w 


II30 


3 


33 20B 


82 45 W 


35 218 


85 15 W 


IliE 


8. 34. low 


173-2 


4 


59 26 N 


43 low 


50 ON 


53 33 w 


I7B 


8. 15 27 W 


670-7 



MEECATOKS SAILING. 



Middle latitude sailing should only be used when the change of 
latitude is small, or where the course exceeds five points ; for when 
the distance run on a course nearer the meridian is considerable, then 
the error in the principle of this method may greatly vitiate the 
results. 

In this case, and always when the diflference of latitude is con- 
siderable, recourse must be had to Mercaior's Sailing, and then the 
following are the rules and formulae to be employed : — 

Difference of longitude = meridional diff. lot. x tan course. 

m x __ Difference of longitude 

^ "" Meridional difference latitude. 

I To find the difference of longitude on a given course, — Add the 
logarithm of the meridional difference of latitude to the logarithm 
tangent of the course, and the sum is the logarithm of the diiference 
of longitude. 



2. To find the course hetween two known places, — Subtract the 
logarithm of the meridional difference of latitude from the logarithm 
of the difference of longitude, and the remainder is the logarithm 
tangent of the course. 

Example i. Eequired the course and distance from the east pomt 
of St. MichaeFs, Azores, to the Start ? 



Start . . 
8t. Michaerfi 



Lat. Tab. (XIX.) 

50° 13' N 3478 
37 48 N 2440 



Long. 

3° 38' W 
25 10 W 



Diff. lat. = 745 m. 12 25 N 1038 Mer. d. lat. Diff. long. 21 32 = 1292 m. 
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_ Diff,long. ^. , ^.^ , . 

Tan eoune = =5 — ^.^ f , Diet, = Dt#. 2a<. x <eo course. 

Mer. dtff. lot, **' 

Diff. loDg. 1292 . . . 3"iii263 Diff. lat. 745 .... 2*872156 
Mer. diff. lat. 1038 . . 3'oi6i97 Course 51° 13' . . . 86010*203164 

Comae N 51° 13' E tan io'o^^o66 Dist 1189 3*075320 

Thus the true course on the rhumb line is N S 1° 13' E, and the dis- 
tance 1 189 miles. 

2. If a shij) sail from Cape Finisterre SE by E 1200 miles, what 
will be the latitude and longitude arriyed at ? 

(i.) Diff, Ictt, = Dist. COS course. (3.) Diff, long, = JIT. diff. lat. tan course. 

Dist. 1200 . . . 3*079181 M. diff. lat. 838. . 2*923244 

Course 5 pts . . 9*744739 Course 5 pts. . . 10*175107 

Diff. lat. 666*7 8 . 2*823920 Diff: long. 1254 E 3*098351 

(2.) Cflpe Finisterre lat 42° 54'*o N 2840 (^.) Long. C. F. 9° 16 ' W 
Diff. lat. 666*7 = i' ^'7 S Diff. long. 1254 = 20 54 E 

Lat arriyed at . . 31 47*3 N 2002 Long, in . . . 11 38E 

Mer. diff. lat. 838 

therefore the latitude arrived at is 31° 47'* 3 N, and the longitude 
ii°38'E. 

Examples fob Exercise. 

1. If a shipfrom Lisbon (latitude 38° 42'- 5 N, longitude 9° 8' W), 
sail WSW J W 168 miles, required her latitude, and longitude in ? 

Answer, lat. if 54' N, long. 12° 33' W. 

2. If a ship sail from Cape Bace (latitude 46° 40' N, longitude 
53** 3' W), SSE I E 216 miles, required her latitude and longitude 
in? Answer, kt. 43° 35' N, long. 50° 26' W. 

3. A ship saik from latitude 40° 12' N, longitude 18° 3' W, 
NE b N i N 248, what are her present latitude and longitude ? 

Answer, lat. 43° 5 1' N, long. 1 5° 26' W. 

4. A ship having reached latitude 43° 51' N, and longitude 
1 5° 26' W, as in Question 3, what are the compass course and distance 
to the Lizard in latitude 49° 58' N, and longitude 5° 11' W, the 
variation of the compass being 27° W? 

Answer, compass course N 75° 53' E, dist. 558 miles. 

5. A ship from Gape Horn, in latitude 55° 58' S, sails to latitude 
60° 10' S, making 3 38' difference of longitude westward, what has 
been her course and distance ? 

Answer, course S 24° 36' W, dist. 277 miles. 

6. Eequired the true course and distance from lat. 53° 18' N, long. 
0° 55' E to the Naze, latitude 57° 58' N, longitude 7° 3' E? 

Answer, course N 36° 38' E, dist. 349 miles. 
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7. K a ship leave Gape Clear, latitude 51° 25' N, longitude 
g"" 29' W, bearing NE | N 16 miles, and toil SW J S 150 miles, what 
will be the latitude and longitude arrived at ? 

Answer, lat. 49° 12' N, long. 12'' 3' W. 

8. Bequired the course and distance from lat. 49° 12' N, long. 
12° 4' W, to St. Mary's, Azores, in lat. 36° 58' N, long. 25^ 12' W? 

Answer, course S 38° 3' W, dist. 932 miles. 



TO FIND THE DIFFERENCE OF LONGITUDE MADE ON 
A TRAVERSE. 

In the following questions the ship has sailed on several courses in 
succession. Having found the difference of latitude and departure as 
in traverse sailing, apply the difference of latitude to the latitude left, 
and find the latitude arrived at 

The difference of lon^tude can then be found either by middle 
latitude or Mercator's sailing. 

This method of finding the difference of longitude made upon a 
traverse is not strictly correct ; and it is sometimes desirable, especiaU v 
in high latitudes, to find the difference of longitude made upon each 
course separately, and then taking the difference between the sum of 
those east and the sum of those west, the result will be the required 
change of longitude. 

To do this the laiitvde in at the end of each course must be found, 
and this is done by applying the first difference of latitude in the 
traverse table to the latitude sailed from, the next difference of lati- 
tude to the latitude last found, and so on. Then find the middle 
latitude between that sailed from and the latitude in at the end of the 
first course ; again between the latitude at the end of the first and 
second, secoiid and third, third and fourth courses, &c., after which 
compute the successive differences of longitude from this equation — 

Difference 0/ longitude = Dej^artwre x sec middle latitude. 

The departures to which this rule is to be applied must be taken 
from the traverse table in succession as they stand there, observing 
that tiie difference of longitude is east or west as the course is east- 
ward or westward. 

Or, by Mercator's sailing, having found the meridional difference 
of latitude from the latitude sailed &om to that at the end of the first 
course, from this latitude to that at the end of the second, and so on, 
compute the successive differences of longitude from this relation — 



Difference of longitude = Meridional diff. lat, x tan course. 

I 
I 

ogle 



Or they may be found by Table XVIII., by taking the nearest 
degree of middle latitude as a course at the top or bottom of the page, 
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and the departure in the oolnmn marked lat, the difference of lonp^- 
tnde will be fonnd in the column marked dtst.; noting that the 
names of the columns must be looked for at the bottom when the 
course is found at the bottom, and at the top when the course is at 
the top of the page. 

Or with the course itself at the top or bottom of the page in Table 
XVIIL, and the meridional difference of latitude in the column 
marked lot., the difference of longitude will be found in the column 
marked dep. 

Example. 

A ship in latitude 66° 14' N, longitude 3° 12' E, is bound for 
Archangel; after saihng NNE i E 46, NE i E 28, N | W 52, NE 
by E i E 57, and ESE 24 miles, required her course and distance to 
the North Cape ? 





Travebsb Table. 






Conrees. 


Dtet. 


Difference of Latitude. 


Departure. 


N. 1 S. 


K 


W. 


nneJe 

NE^^E 

N f W 

NE b E ^ E 

E8E 


46 
28 
52 
57 
24 


40-6 
17-8 

51-4 
29-3 


9*2 


21-7 

21-6 

48-9 

22 '2 


7-6 


Course n 39° } e, dist. 168 m. 




139-1 
9-2 


9*2 


"r-t 


7-6 


•• 


• • 


129-9 


106 '8 


Latleft. 66° 14'N 
Diflf. lat. 2 10 N 

Lat. in . 68 24 N 


Mer. parts . . 5339 Long, left . 3° 12'E 
Diflf. long. . 4 37 E 

5676 Long, in . 7 49 E 


2)134 38 
Mid. lat. 67 19 


Mer. diflf. lat. . 337 



With the diff. lat. 129*9, and departure 106*8, the course is found 
in Table XVIII. to be about 39^°, and the distance 168 miles. 
With this course, and mer. diflf. lat. 337 in the latitude column, 
the diflf. long, is found in the departure column to be about 277 
iniles. 

Or with the middle lat. 67^ 19' as a course, and the departure 
1 06 '8 in the lat. column, the diflf. long, is found in the (^stance 
column to be nearly 277 miles. 

To find the diff. long, made on each course separately by middle- 
latitude sailing. 
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HAY 


lUA-iiur^. 










SncoesBiye Lat 


Mid. Lat. 


Departure. 


Dlff. 


Lat. left. 




66° 14' 






E, 


&t the end ist Course. 


66 55 


66° 34' 


21-7 E 


54-6 


2nd 




67 13 


67 4 


21-6 B 


54*4 


3rd 




68 04 


67 38 


7-6 W 




4th 




68 33 


68 18 


48*9 E 


132*3 


5th. 




68 24 


68 28 


22-2 E 


60-5 




Long 
Diff.l 


left. . • • 


. ?° 12' 


E 


301 '8 
20.0 




ong. • . . 


. 4 42 


E 




Long. 


in . . . 


. 7 54 


E 


281-8 



45 

W. 



With each middle latitnde, and the corresponding departure ex- 
tracted from the previously given traverse table, the diflference of 
longitude is found!^ and entered in the column which is of the same 
name with the departure, and the difference between the change of 
longitude made towards the east and that made towards the west is 
281*8; the whole difference of longitude made on the traverse, 
differing about 5 miles from that found from the difference of latitude 
and departure made on the whole traverse. 

To find the difference of longitude made on each course separately 
by Mercator's sailing. 

Diff. Long. 

w. 



19- 9 



CJoTirses. 


Successive Lat. 


Mer. Parts. 




Mer. dlff. Lat. Difi 




66° 14' 


5339 






E. 


NNEJE 


66 55 


5441 




102 


54-5 


NEiE 


67 13 


5488 




47 


57-2 


N| W 


68 4 


5622 




134 




NEbEiE 


68 33 


5700 




78 


I30*2 


ESE 


68 24 


5676 




24 


58-2 




Long, left . . 


. . 3^ 12' 


E 




300T 




Diff. long. . . 


. . 4 40 


E 




19-9 



Long, in . . . • 7 52 E 280*2 



With, each course, and the meridional difference of latitude made 
on that course, the difference of longitude is found and entered in the 
columns marked E or W, according as the course has been easterly 
or westerly, and the difference between the sum of the numbers in the 
E and W columns is 280* 2, the total difference of longitude. 

Hence the latitude in is 68° 24', and the longitude computed from 
the result of the whole traverse is 7° 49' ; but by computing the diff. 
long, for each course separately, the long, is 7° 52' east. 

To find the course and distance from the ship to the North Cape. 

Ship's place lat. 68° 24' N Mer. parts . 5676 Long. 7«*52'E 
N. Cape. . . 71 10 N .... 6156 25 51'E 

Diff. lat. 166 = 2 46 N Mer. diff. lat. 480 Diff. long. 17 59 = 1079 
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Tan eoune = r^- -, !v-t-t ^^ = JW lot, x wo coune, 

Mer. dtff. lot **' 

Diff. long. 1079 . 3 •033021 Diff. lat. 166 . . . 2* 220108 

Mex. 6xSL lat. 480 . 2 '681 241 Course 66° i' sec . . 10 '390971 

Goiine 66° i' ton. . 10*351780 DisL 408*4 • • . 2*611079 

Hence the course to the North Gape is N 66° i' E, distant 408 -4 
miles. 

Examples fob Exercise. 

1. If a ship sail from the Naze, latitude 57° 58' N, longitude 
f 3' E, on the following true courses, WNW 24, NW i W 16, 
SSW 31, S J E 12, and SW j S 20 miles, required her latitude and 
longitude ? Answer, lat. 57° 21 N, and long. 5° 15' E. 

2. If a ship sail from Punchal, in latitude 32° 37' N, and longitude 
16° 56' W, on the following true courses, S 59° W 46, SW i W 15, 
and S ^ W 24 miles, required her latitude and longitude ? 

Answer, lat. 31° s' N, and long. 18° 5' W. 

3. If a ship sail from the Cape of Good Hope, in latitude 34° 23' S, 
and longitude 18° 24' E, on the following true courses, NW 25, 
N i W 21, NNE i E 35, NW} W40, and N b E 18 mHes, required 
her latitude and longitude ? 

Answer, lat 32° 31' S, and long. 17° 44' E. 

4. If a ship sail from Port Eoyal, in the Island of Grenada, in lati- 
tude 12° 3' N, and longitude 61° 48' W, on the following true 
courses, NW 46, NNW | W 50, NW b W 70, and W i N 21 
miles, required her latitude and longitude? 

Answer, lai if 59' N, long. 64° 9' W. 



ON A SEA JOUENAL. 



A journal is a register of occurrences that take place on board a 
ship, either in harbour or during a voyage, and it ought to contain a 
paracular detail of everything relative to the navi^tion of the ship, 
as the courses, winds, currents, &c., that her situation may be known 
at any instant at which it may be required. 

On commencing a voyage, the true course to the first place which 
is expected to be seen is either taken from a chart or computed ; and 
thence, from the variation, the compass or steering course is found, 
and the ship is kept as near that course as the wind and other circum- 
stances will admit. When the ship leaves the land, the bearing of 
some known place is taken by the compass, and its distance is in 
general estimated by the eye, which seamen soon acquire considerable 
skill in doing. This is called taking the departure. But the distance 
may be otherwise determined by tiiing the bearing of an object at 
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two different times, carefully noting the course and distance nm in the 
interval For the sine of tiie change in the object's bearing is to the 
distance nm by the ship in the interval, as the sine of the angle 
included between the ship's course and the bearing of the object at the 
first observation is to its distance at the second observation. 

But v^hether the distance of the place from which the departure is 
taken be estimated or computed, the opposite point to that on which it 
bears is considered as the first course, and its distance as the first dis- 
tance sailed from the place ; and the other courses and distances made 
during the day being determined hj the compass and the log, they are 
severally vmtten in chalk, on a painted black board, called the log- 
loardy of which the general form will be found below ; and afterwards 
copied into a book, similarly ruled, called the log-hook. The courses 
are either corrected for leeway before they are put down on the hg- 
loardy or the leeway is marked in the proper column opposite the 
course to which it belongs. The setting and drift of currents, and 
the estimated effect of the swell of the sea, are also inserted in the 
column of remarks ; and this column, besides, must contain an account 
of every occurrence deemed of importance. 

Then the several courses in the log-book being corrected, as in the 
preceding problems, for leeway and variation, and the distances on 
each course summed up and entered in a traverse table, care being 
taken to introduce the effect of currents and the swell of the sea, 
when any exist, as separate courses and distances, the latitude 
and longitude arrived at are determined by the methods which have 
already been explained, under the different heads of practical Navi- 
gation. 

The computation of the ship's place from the reckoning is alvmys 
made at noon, and the operation is called working a day's work. An 
abstract of the result is inserted in the log-book, contalaing the true 
course and distance which the ship on the whole has made during the 
day ; the latitude and longitude as deduced from the reckoning, with 
those also which are obtained from observations; and the bearing 
and distance of the port, or of the nearest land that lies in the ship's 
way. 

When the variation of the compass is given in degrees, it will be 
found convenient first to correct the courses in the tntverse-table for 
leeway only, and, vrith these courses and distances, to find the differ- 
ence of latitude and departure, and thence the compass course and the 
distance made during the day. The resulting course being then cor- 
rected for variation, vnth it and the distance already found, the trtfs 
difference of latitude and departure may be readily obtained ; and the 
calculation for the difference of longitude may then be made in the 
usual manner. 

In hard-blowing weather, vrith a contrary wind and a high sea, it is 
impossible to gain any advantage by sailing, and the object is then to 
avoid, as much as possible, being driven back. To effect this object 
it is usual to lie-to under no more sail than is necessary to prevent the 
violent rolling which the ship would otherwise acquire. The tiller , 
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being put over to leeward, brings the ship's head round towards thd 
wind, which then haying little power on her sails, she loses her way 
through the water, and i£e directive power of the rudder consequently 
ceases ; her head fiEtlls off from the wind, the sail which she has set 
fills again, and gives her fresh way through the water, which, acting 
on the rudder, orings her head about to the wind, and she thus 
comes up and falls off alternately. In such cases the middle point 
between those on which she comes up and fidls off is taken as her 
apparent course, and the leeway and variation being allowed 
from that point, the result is entered as a course in the traverse- 
table, with the estimated drift of the ship through the water as a 
distance. 

But notwithstanding all the care that can be taken in keeping a 
sea-reckoning, the place of the ship as deduced from it must always 
be considered as only approximately determined. It is often extremely 
difficult to arrive at any considerable certainty respecting the precise 
course and distance which a ship has actually made. Different rates 
of sailing between the times of heaving the log, want of care in steer- 
ing, and sometimes also the great difficulty in steering steadily; 
sudden squalls, incorrect allowances for leeway and variation, and 
many other circumstances, conspire to render the ship's place, as 
deduced from the common reckoning, very uncertain. No oppor- 
tunity ought therefore to be lost to determine her place by celestial 
observations ; and the sea-reckoning should chiefly be considered as 
a means of estimating her situation nearly in the interval between 
such observations. 

The log is dated according to the civil reckoning of time, and the 
place of the ship therefore, computed at noon, is for the middle of the 
civil day : the courses or distances in the afternoon, or p.m. of the 
preceding day, being connected with those made in iiie morning, or 
A.M. of the current day, in computing the change of her place from 
the last noon. 

When the place of the ship has been determined by observation, her 
place by the reckoning ought to be disregarded, and the future 
reckoning should be carried forward from her place found by obser- 
vation, tiU other observations give a new point of reference. But 
some mariners keep a separate account of the ship'# place, by the 
reckoning and by observation, during the whole voyage ; which, as 
they conceive, enables them to judge of the total effect of currents 
and other generally operating causes of error on the reckoning. 
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I. April 26th, 1858, at noon, a point of land in latitude 36° 35' S 
and longitude 1 10° 25' W, bore by compass ENE j E, distant 18 
miles (tne ship's head being SE by S, by compass, deviation o), 
afterwards sailed as b^ the following log account ; required the 
latitude and longitude m on April 27tn, at noon. 



H. 


K. 


^\fi^ 


Courses. 


Wind. 


Lee- 
way. 


DeV. 


Bemarks. 












Polnu' 






2 


6 


swf w 


SbE J E 


2i 


7 a7W 


P.M. 




3 




































wsw J w 


sb w 


H 


8 20W 




















6 














Variation of 


7 
8 






WNW^ W 


sw 


2 


8 low 


compass 
if pts. E. 


9 
















10 
















II 
















12 






















NW^ W 


wswi w 


2i 


4 50W 


A.M. 
















































A current set 


6 

7 
8 






wbs 


ai w 


1* 


8 20W 


the ship the 
last 8 hours 
by compass 
E^S2miles 
an hour* 


9 






8W 


sbE 


2i 


7 ow 




10 




2 












II 




6 












12 




5 













I. True courses, and distances in miles, N84'' W, i8-o; N 89° W, 
10-4; N67°W, 9-9; N39° W,23-9; N 8° W, 15*9; N 73° W, 
14-9; S 86° W, 14-7 ; S 65° E, 16. Latitude in 35° 58' S ; longi- 
tude in 111° 51' W. Course and distance made good, N 62° W 
78 miles. ^^n,r^n]f> 
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2. May 20tli, 1858, at noon, a point of land in latitude 47° 11' N, 
and longitude by account 3° 12' W, bore by compass ENE ^ E, 
distant 1 6 miles (the ship's head being S by compass, deviation 3° W), 
afterwards sailed sa hj the followmg log account; required the 
latitude and longitude m on May 21st, at noon ? 



H. 


1 


Ooureea. 


Wind. 


Lee- 
way. 


DeV. 


Bemarks. 












I'oints. 


/ 




I 


2 


5 


ene| e 


K ^ £ 


2 


10 OE 


P.M. 


2 


3 


3 












3 


4 


I 












4 


3 


2 












5 

6 

7 


3 
4 
3 


5 

2 

6 


W2?W 


N J E 


li 


6 50W 


Variation of 
the compass 
3i pts. w. 


8 


3 


7 












9 


4 


2 


SSW J W 


West 


2i 


5 ow 




10 


4 


I 












II 


3 


6 












12 


3 


2 












I 


4 


I 


NNW J W 


West 


rf 


I 40W 


A.M. 


2 


3 


2 












3 


4 


I 












4 


4 


I 










A current set 


5 

6 

7 
8 


4 
3 
3 

4 


2 

6 

7 

I 


SE| E 


8SW 


li 


3 40E 


the ship the 
last 3 hou's 
by compass 
SSW 2 miles 
an hour. 


9 


2 


5 


sw J w 


S b E J E 


2f 


7 27W 




10 


4 


2 












II 


4 


I 












12 


5 


2 













2. True courses, and distances in miles, S 31° W, 16 'O; 
N72°E, 13-1; S 52° W, 15-0; S 44° E, iS'i; N44°W, 19-7; 
N 77"" E, 11-4; S 40° W, i6-o; S 14° E, 6-o. Latitude in 
46° 40' N ; longitude in 3° 24' W. Course and distance made good, 
S 15° W, 32-2 miles. 

Digitized by LjOOQIC 



NAVIGATION. 



51 



3. June Sth, 185,8, at noon, a point of land in latitude 56° 59' N, 
and longitude by account 75 33' W, bore by compass NE by E, 
distant 19 miles (the ship's head being N by compass, deviation 
2° 45' E), afteirwards sailed as by the following log account; 
required the latitude and longitude in on June 6th, at noon ? 



H. 


K. 


A«« 


Courses. 


Wind. 


Lee- 
way. 


Dev. 


Remarks. 


I 


4 


9 


Nb w 


wbN 


Points. 

1+ 


/ 

1 lOE 


P.M. 


2 


4 


4 












3 


4 


2 












4 


4 


7 












5 


2 













Variation of 


6 
7 


2 
2 


4 
3 


ssw f w 


wb N 


2i 


6 7W 


the compass 
I ^ pts. w. 


8 


3 


I 












9 


3 


3 












10 


2 


5 


NNEf E 


NWf N 


2 


9 OE 




II 


3 


2 












12 


2 


4 












I 


3 





W b N 


NNW 


2i 


8 low 


A.M. 


2 


2 


5 












3 

4 


2 
3 


I 
2 










A current set 
the ship the 
last 5 hours 


5 

6 

7 


4 

5 
2 


I 

3 

6 


SEf E 


sw J w 





3 40E 


WNW (by 
compass) 3 
miles an 
hour. 


8 


4 


• I 












9 


3 


2 












10 


3 


2 


sjw 


wsw 


H 


3 30W 




II 


3 


2 












12 


I 


6 













^. True courses, and distances in miles, S 42° TV, 19-0 ; N 10° W, 
20-2; S I7°E, ii-i; N 46° E, 8-i; S Si'W, io-8; S 67° E, 
19-3; S 43° E, 8-o; N 84° W, iS'O. Latitude in 56° 41' N; 
longitude in 75° 47' W. Course and distance made good, S 22° W, 
ig- 2 miles. _^ , 
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4. July 3rd, 1858, at noon, a point of land in latitude 55° S' S and: 
longitude 67° 10' W, bore by compaas NE J E, distant 13 miles 
(the ship's head being N by compass, deviation 2° 45' E), afterwards 
sailed as b^ the following log account ; required the latitude and 
longitude in on July 4th, at noon ? 



H. 


K. 


H 


Courses. 


Wind. 


Lee- 


DeV. 


Remarks. 












PolntB. 






I 


3 


4 


N J W 


NWb w Jw 


3i 


1 

2 45K 


P.M. 


2 


3 


7 












3 


4 


2 












4 


3 


9 


wbs 


MWbN 


H 


8 20W 




5 


2 


8 










Variation of 


6 
7 


2 
3 


9 
7 










the compass 
3I pts. w. 


8 


2 


9 


NW| W 


NNE^E 


2i 


5 40W 




9 


2 


8 












10 


2 


5 












II 


I 


7 












12 


I 


5 


s 


SSE^E 


2* 


8 50E 




I 


2 


I 










AM. 


2 


I 


5 












3 


3 


I 












4 
5 


3 

3 


2 
9 


swbs 


SE^ S 


2i 


6 7W 
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4. True courses, and distances in miles, S 11° W, 13*0; 
N6°W, 11-3; 8,13-3; S 48° W, 9-9; N 29° E, 8-2; S 16^ W, 
I3-6,- N 68° W, 20-o; N 59^ E, 17-5. Latitude in 55° 16' S; 
longitude in 6f 35' W. Course and distance made good, S 53° W^ 
18 miles. 
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GEEAT CmCLE SAILING. 

1. It has already been mentioned that the distance ran by the 
ship npon the rhmnb line is not the shortest distance ; the adoption 
of this line as the gnide from place to place has arisen from the 
circumstance that the course is nniform thronghont the track, and 
from the great simplicity with which the course can be found by the 
aid of a Mercators Chart. The uniformity of the course on the 
rhumb line, and the straight line which represents the rhumb line upon 
the Chart, are apt to give an idea of directness which does not really 
belong to this manner of sailing. 

2. The shortest distance between two places is the arc of the great 
circle which passes through them, and uierefore it would in all cases 
be better to sail upon this arc than upon the rhumb line. 

3. Now, a great circle passing through any two given places will 
meet the equator at two opi>osite points; and the points midway 
between them will be those which are most remote from the equator, 
or those which have the greatest N or S latitude. 

4. Of the two places between which the arc of the great circle lies, 
that which is in me highest latitude is denoted in the following rules 
by the letter B, and the other by A. 

5. Of the two points furthest from the equator mentioned in para- 
graph 3, that one which lies nearest to B is called the Vertex, and is 
denoted by V. 

6. The point V may or may not Ml between the given places. 
But if they are on the same parallel of latitude, it wOl be exactly 
half-way between them. 

7. The equality of the course is not a feature of the great circle 
track, and tnerefore it is necessary from time to time to change the 
direction in which the ship is steered, and the method of finding where 
and how much the course must be changed constitutes OrecU Circle 
Sailing. 

8. And in the following rules it is divided into these five 
problems : — 

1. The computation of the shortest distance. 

2. To find the latitude of the vertex V. 

3. To find the longitude of the vertex V. 

4. To find a succession of points upon the great circle. 

5. To compute the course and distance from point to point 
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I. Direct compviation of disiance, 

1. Add log. cos latitude A, log. cos latitude B, and twice log. sin 
i difif. long., and*after rejecting 20 from the index, half the sum is the 
log. cos of an angle x. 

Formula, co8x'=^ {cos lat A x cos lot. B x sin* J D long,) 

2. Take the sum and difference of x and ^ di£ lat. 

3. Add together the log. sines of this sum and difference, and half 
the sum is the log. cos ^ mstance. 

Formula, cos J distance = -/ [sin (aj + J i) lat) . sin (aj — i D lat.)} 

2. To find the latitude of tine vertex, 

I. Add log. cos latitude A, log. cos latitude B, and log. sin diff. 
long, together, and subtract log. sin distance, the remainder with its 
index diminished by 10 is the log. cos of the latitude of the vertex. 

Formnla, coz lat. V = <^^<^'^'< '^' ^*- ^.J< «^^ ^^- ^o^' 

8tn dist. 

3. To find the longitude of the vertex, 

1. Add log. tan latitude A, to log. cot of the latitude of the 
vertex, and after rejecting 10 from the index, the sum is log. cos of 
the difference of longitude between A and the vertex. 

Formula, cos diff. long. = tan lat. A. x cot lat. V. 

2. This difference of longitude is east or west of A, according as B 
is east or west of A ; and allowing it upon the longitude of A, the 
longitude of the vertex is found. 

If this computed difference of longitude is less than the difference 
of longitude between A and B, the vertex lies between them, other- 
wise the vertex is east or west of both B and A, according as B is 
east or west of A. 

Examples. 

I. Eequired the distance on a great circle from the Cape of Good 
Hope to Swan Biver ? 

Lat' Long. 

Cape of Good Hope . . 34° o' S . . B , . . . 18° 20' E 
Swan River .... 32 3 S . . A . . . . 115 45 E 

Diff. lut I 57 Diff. long. , 97 2? 

Half diff. lat 58-5 Half diff. long. 48 42-5 
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Halfdiflf.long. 48°42'-5 sin 9*875848 

2 

19-751696 

Lat. A32°3' 008 9*928183 

Lat. B 34 o ooe 9*918574 

1)19-598453 

X 50° 57'* 5 ... COB 9*799226 

. Halfdiff. lat. . . . 58-5 . . . m 

Sum . * ... 51 56*0 ... Bin 9*896137 
Bid'. 49 59*0 ... sin 9*884148 

2)19*780285 

Half distance. . . 39° }'*5 ... cos 9*890142 
2 ^^-^— — 

78 7 
60 

Distance . . . 4687 miles. 

2. Beqoired the greatest south latitude reached on this voyage ? 

Latitude of A .... 32° 3' ... cos 9*928183 
Latitude of B .... 34 o ... cos 9*918574 
Difference of longitude . . 97 25 ... sin 9*996351 

29*843108 
Distance 78 7 ... sin 9*990591 

Latitude of the vertex V 44° 35'* 5 . . . cos 9*852517 

3. Bequired the ship's longitude when in the highest latitude ? 

Latitude of A 32® 3'S tan 9*796632 

Latitude of V 44 35*5 cot 10*006191 

50° 35' cos 9*802823 

•*• 50° 35/ = the diflference of longitude between A and V, west be- 
cause B is west of A. 

Longitude of A 115° 45' E 

^ Difference of longitude 50 35 W 

Longitude of vertex V , 65 10 E 

lofind a succession of points on the great circle between two places 

A and B, 

I. Genebal Bulb. To the log. cosine of the difference of longi- 
tude between the vertex and any other point on the great circle, add 
the log. tangent of the latitude of the vertex, and the sum, rejecting 
10 from the index, is the log. tangent of the latitude of the other 
point. 
Tangent latitude P = cosine difference of longitude x tangent lat. V. 
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Example. The longitudes, 30°, 50°, 70°, 90°, E, Ke between the 
longitudes of the Cape of Good Hope and Swan Eiyer, required the 
ship's latitude when she is in each of these longitudes while sailing on 
a great circle between these places ? 

The longitude of the vertex has been found to be 65° 10' E, and 
therefore tne differences of longitude between the vertex and each of 
the given longitudes are found thus — 



Long. V . 


. 65° 10' E . 


. 65° 10' E 


Long. . . 


30 E . 


. 50 E 



65° 

70 



10' E . 
o E . 



65° 10' E 
90 o E 



Diff. long. 



35 10 



15 10 



4 50 



34 50 



And then the required latitudes are computed as follows — 



Diflf. long. 35° 10' . 
Lat.V 44 35*5. 

38 52 . 

Dlff. long. 4° 50' . 
Lat.V 44 35-5. 

44 29 . 



cos 9*911477 . . Diff. long. 15° 10' . cos 9*984603 
tan 9*993809 9*993809 



tan 9*906286 



43 35 . tan 9-978412 



cos 9*998453 . . Diff. long. 24° 50' . cos 9*957863 
tan 9*993809 9*993809 



tan 9*992262 



41 49 . tan 9*951672 



Therefore the following points, including the vertex, lie upon the 
great circle — 





C D 


V 


E 


F 


Lat. . 


. 38°52'S . 43^35'S 


. 44° 35*5' 8 


. 44°29'S 


. 4i°49'S 


Long. • 


. 30 E ♦ 50 E 


. 65 10 E 


70 oE 


, 90 E 



The places C, D, V, E, and F can now be found upon the chart, 
and the track neatly traced through them with a pencil ; this will 
show what islands, rocks, &c., lie on the way. 

Nothing now remains but to find the course from the Cape to 0, 
from C to D, from D to E, and so on, until the voyage is completed 
by sailing from G to Swan River. And these courses may be com- 
puted by middle-latitude sailing. 



Cape of Gkxxl Hope 
C 



Diff. latitude 



Middle latitude . 



34°o'S 
38 52 S 

452 = 292 S 



2)72 52 
. 36 26 



18° 20' E 
30 o E 



II 40 E 



For the course, 

Diff. long. 700 . . . 2*845098 
Middle lat. 36° 26' cos 9*905552 



Diff. lat. 292 



12*750650 
2-465383 



Difference of longitude 700 E 

For the distance, 

Diff. lat. 292 . . . 2*465383 
Course 62° 36' . . sec '337054 

Distance 634*5 . . 2*802437 



Course S 6a° 36' E tan 10*285267 
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Thus on the first run the true course is S 62'' 36' E, and dist 
634* 5 miles. In the same way the course and distance is found from 
C to D, D to V, &c 



toC . . 


. . S62°36'E 


C to D . . 


. . S 73 36 E 


DtoV . . 


. . S 84 43 E 


VtoE . . 


. . N 88 13 E 


EtoP . . . 


. . N 79 39 E 


and F to Swan Biver . 


. . N 64 37 E 



Sam • • 4703*4 

We may now inquire how much has been saved by thus sailing 
from point to point of the great circle, by finding the distance which 
would have to be sailed on the rhumb line, and since the Gape and 
Swan Biver differ less than 2° in latitude, this may be done by middle- 
latitude sailing. 



o » 

Cape of Good Hope 34 oS 

Swan Eiyer 3^ 3 S 

Diff.lai 117 miles . . . • • i 57N 

3)6^7 

Middle latitude 33 i '5 



. 18 20 E 
115 45 E 

97 25 E 

60 



Diff. long. 



5845 



"Fw the course, 

Diflf. long. 5845 . . 3*7667^5 
Mid. lat. 33°i''5 cob 9-933468 



For the diitanoe. 



Diff. lat. 117 



13-690353 
3 068186 



Diff. lat. 117 . 
Course 88° 38' . 

Diat. 4905*5 miles 



. , 3-o68i86 
seo 11*633501 



3*690687 



Course N 88° 38' E tan 11-633067 

Therefore the distance on the rhumb line is 4905 * 5, and subtracting 
the whole distance found by the other method, 

On the rhumb line 4905 * 5 

From point to point of the great circle . 4703 * 4 

Difference 203*1 



Thus 203 miles have been saved. It will be seen that the whole dis- 
tance on the great circle, 4687 miles, is less than either of these, but 
by increasing the number of points between the places, the sum of the 
distanx^es from point to point of the great circle may be made to agree 
still more closely with the distance on the great circle. The last run 
of 1364 miles, for instance, miffht have been divided into two dis- 
tances of about 700 miles eacn, by assuming another longitude of 
100° E between the longitude 90° E and Swau Eiven 

/Google 
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Second Method. 

To find the hngitude of the vertex. 

The longitude of the vertex may be computed directly from the 
latitudes and longitudes of the places between which the voyage is 
made; and independently of the distance between them, as follows : — 

1. Find the difference of latitvde ; call this D. 

2. Take the svm of the latitudes when they are both N or both 

S, and the difference when one is N and the other S ; call 
this the sum of latitudes, and denote it by 8. 

3. Find half the difference of longitvde, and denote it by the 

letter L. 

4. Find the middle longitude, by taking half the sum of the 

longitudes when they are both E or both W, or half their 
difference when one is E and the other W ; denote this by 
the letter M. It is of the same denomination (east or west ) 
as the greater longitude. 

5. Compute X by means of this formula : — 

tan X = cot L . cosec 8 . sin B, 

and consider X as a difference of longitude east or wesi, 
according as the place B is east or west of A (paragraph 
(4), page S3)- 

6. X is now to be applied to the middle longitude M, adding 

them together when they are both east or both west, or 
taking their difference when one is east and the other west. 
The sum or difference is the longitude of the vertex, of the 
same denomination as the greater. 

For example, from the preceding question — 



B'slat. . . . 
A'slat; . . . 


. . 34 oS 
. . 3i 3S 


DiflF. lat. . . 
Sumoflatp.. . 


. D 157 
. S 66 3 



B'slong .... 18 20 E 

A'slong 115 45 E 

I>iff. long 97 25 

Half diff. long. L . . 48 42 -5 . 

Sum of long. . . . 134 5 

Half sum or middle longitude M . . . 67 2-5 E. 
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To compuie X. 


L 

S 
D 


48 4^*5 ... cot 9*943635 

66 3 ... oosec 10*039101 

I 57 ... Bin 8-531828 


X 


I 52-5 ... tan 8*514554 
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X is now to be considered as a difference of longitude west, because 
the place B is west of A ; and it must be subtracted from the middle 
longitude M, which is east. 

M 67 2-5 E 
X I 52-5 W 

Longitude of the vertex — 65 10 E, agreeing exactly with that 

which was found by the former method. The yertex is or is not be- 
tween the giyen places according as X is less or not less than half the 
difference of longitude L ; and when X = o, the vertex is midway 
between them. 

To find the latitude of the vertex. 

1. Find the difference of longitude between the place A and the 
vertex. 

2. The latitude of the vertex may then be computed from this 
formula : — 

Cot {lot. V) =:€os iP long. A - V) x cot (lat A). 



Longitude of A . 
Loi^tude of V . 


. 115 45 E 
65 10 E 




Dlong. . . . 
Lat. of A . . . 


. 50 35 
. 32 3 


009 9*802743 

cot 10*203368 


Lat. of V . . . 


. 44 35-5 


cot 10*006111 



Also agreeing with the result of the former calculation. 



Examples. 

I. Bequired the distance, and the latitude and longitude of the 
vertex on the great circle, between San Francisco (lat. 37° 48' N, 
long. 122° 8' W) and Owhyhee (lat. 20° 1/ N, long. ISS° 59' W) ? 
Answer, distance 2047 niiles, lat. of vertex 42° 35' N, 

long, of vertex 89" 41' W. 
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2. Beqnired the distance, and the latitude and longitude of the 
vertex on the great circle, between Lisbon (lat. 38° 42' N, long. 
9^ 9' W) and Bermuda (lat. 32° 22' N, long. 64^ 30' W) ? 

Answer, distance 2688 miles, lat. of vertex 39° 41' N, 
long, of vertex 24° i/* 5 W. 

3. Eequired the distance, and the latitude and longitude of the 
vertex on the great circle, between Sierra Leone (lat. 8 30' N, long. 
13° 18' W) and Trinidad (lat. 10° 39' N, long. 61° 34' W) ? 

Answer, distance 2856 miles, lat. of vertex 10° 48' N, 

long, of vertex 5 1° 50' W. 



The following article, in continuation of this subject, contains new 
and simple metiiods of modifying the Great Circle track, where the 
latitude mto which the ship woula be led is so high as to render the 
navigation dangerous. To say that this article has been furnished by 
the Bev. Mr. Fisher, late Gha^ain and Principal of the Greenwich 
Hospital Schools, will be a sufficient guarantee of its value and sound 
practical character, and the kindness with which it has been contri- 
buted is here gratefully acknowledged. 

CIECULAE ABC SAILING. 

A graphkoi made of representing "Great Cibolb Eoutes,'' cmd 
also "CntcuLAB Routes,*' adm>ted to different Maaimum Lati- 
tudes, upon a Mercator's Chart, — By fiie Eev. Geo. Fisher, 
M.A., F.R.S. 

§ I. A Great Circle passing through any two places upon the earth's 
surface, may be marked or traced upon a terrestrial globe, by elevating 
or detHressing the polar axis, and at the same time turning the globe 
round until the places coincide with the upper edge of the wooden 
horizon ; in this position of the globe the upper edge of the wooden 
horizon represents the great circle, which can then be marked upon 
the globe. This is, in feet, the strict practical solution of the problem 
of "Great Circle Sailing." It exhibits; — ist. The various places 
through which the great circle passes in both hemispheres. 2ndly. 
The distance between the two places, which is shown by the number 
of degrees intercepted between them, upon the wooden horizon. 
3rdly. The latitude and longitude of that point of the great circle 
which reaches the highest latitude, which point, as before stated, is 
called the "Vertex." 

§ 2. Having thus traced upon the globe the great circle passing 
through the two given nlacM, we may next proce^ to take from the 
globe the latitudes and longitudes of as manty points or places situated 
upon the circle as may be thought sufficient, and mark the corre- 
sponding positions upon a Mercator's Chart. Then connecting the 
pomts, by drawing a curved line through them by hand, we obtain a 
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graphical repreflentation of a Great Circle upon the chart, without 
any computation, and suflSciently accurate for nautical purposes, 
provided the globe is not less tlian about 8 inches in diameter, and 
accurately made. 

§ 3. The nature of this curve is not suflSciently elementary to be 
explained here, but its general form is represented upon the small 
Mercator's Clujrt here annexed. 




The curve PEQ AVB shows the direction of the great circle 
which passes through the points A and B, which represent the Cape 
of Good Hope and the south part of Van Diemen's Land. Although 
in sailing from one place to another the navi^tor is only concerned 
with that portion of the great circle upon which he means to sail, the 
curve is, nevertheless, continued through both hemispheres upon the 
chart, in order that its general form may be the better comprehended. 
The northern and southern portions of this curve are obviously equal 
and similar to each other; and the curve cuts the equator at two 
points P and Q, at a distance of 180 degrees of longitude from each 
other, and at an angle, which at the point of intersection, or contrary 
flexure, is equal to the latitude of the vertex, or the inclination of the 
planes of the Great Circle and Equator. In like manner the curve 
rV QV represents another great circle when projected upon the 
chart ; the highest point of latitude V" or V being 80 degrees. The 
arc KNI represents the portion of the great circle which passes 
through Charles-Town and the Land's-End. Also GH, that which 
passes between the Sandwich Islands and Cape Horn. 

§ 4. The near approximation to a circular form of the portion of the 
curve which is nearest to the vertex affords a very easy and simple 
mode of delineating upon a Mercator's Chart a ship's route between 
two places thus situateii 
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Prob. A. To represent upon a Mercator's Chart the ^great circle 
route between two given places which do not differ considerably in 
latitude. 

1. Determine the latitude and longitude of the vertex ; either 
hy computation orhya globe, 

2. Through the three points^ viz., the two given places and the 
vertex, describe the arc of a circle. This arc wiU represent very 
nearly the Qreat Circle route. 

3. Upon this arc the geographical positions of any number of 
points can he determined at pleasure to a degree of accura^ which 
will depend upon the scale of the chart, which known points can 
he sailed towards in succession hy either using Middle Latitude, 
or Mercator's Sailing. 

We shall put this method to the test by applying it to the determi- 
nation of an approximate great circle route between the Gape of Good 
Hope in lat. 34° 22' S, long. iS° 26 E, and the south part of Van 
Diemen's Land, in lat. 42° 54' S, long. 147° 26 E, which places are 
represented upon the small chart by A and B. The latitude of the 
vertex V is 62° S, and long. ^7^ E ; and the true distance between 
the places on a great circle, computed by spherical trigonometry, is 
5388 miles. 

Bisect the line (AB), joining the two places by a perpendicular 
of indefinite length (FC"). On this line find the point C, from which, 
as a centre, describe the circular arc AYB : this arc is the route 
required. Suppose the intermediate points upon this arc to be 12 
in number, and to be situated on the meridians of 30°, 40^, 50° &c., 
East longitude respectively. The following are the geographical 
positions of these points, ^en from a small chart upon a scale of 
1 80 degrees of longitude to a foot. The courses and distances between 
the points are computed by means of Mercator's Sailing : — 



GiBCULAR Route 






Maximum Lat. 62°. 


. 


• • . • 


Places. 


Lat. 


Long. 


Conrses. 


Distances. 




8. 

' 


E. 

t 


$ 




Cape of Good Hope . 


34 22 


18 26 


S 34 38 E 


,, 


1st intermediate point 


47 


30 


48 13 


921*2 


2nd „ 


52 45 


40 


57 3 


517-8 


3rd „ „ 


56 30 


50 


6454 


413*7 


4th „ 


59 


60 b 


68 12 


353*6 


5th ., 


61 


70 


78 8 


323-1 


6th ,. 


62 


8q 


E. 


291*8 


7th „ 


62 


90 


N 78 8 E 


281-7 


8th „ „ 


61 


. 100 


78 30 


291-8 


9th „ 


60 


no 


6417 


300-9 


loth 


57 30 


120 


58 8 


345'7 


nth ,. 


54 


130 


51 10 


397-8 


i2th 


49 


140 


40 14 


478-5 


Van Diemen's Land . 


42 54 


147 26 


•• 


479*4 


Whole distan 


ce by this me 


thod . • 




5397-1 
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The distance by this approximate -great circle in the foregoing 
example exceeds the true distance upon a great circle computed by • 
means of spherical trigonometry by 9 miles only, a difference obviously 
too small to be taken into account ; and which difference is, more- 
over, exaggerated by the very limited scale of the chart used in deter- 
mining the latitudes of the intermediate points, which may be 20' or 
30' from the truth. 

§ 5. A serious dijficulty occurs in the application of great circle 
sailing to navigation in high latitudes (where this method of sailing 
might otherwise be employed to the greatest advantage), arising from 
the dangers and obstructions which frequently occur m the vicinity of 
ice. In the example last given, it appears that in sailing from the 
Cape to Van Diemen's Land upon the arc of a great circle (which is 
represented upon the small chart by the arc AVB), the greatest lati- 
tude to which the circle reaches is 62° S, which is a higher latitude 
than most navigators would wish to attain. 

If, in order to meet this difficulty in the above case, the latitude of 
the vertex be limited to 50° S, it will be found that the corresponding 
great circle will not reach from the Gape to a greater distance than the 
South-Westem Coast of Australia, or the span of the arc is not suffi- 
cient, the remaining part of the distance must therefore be either 
completed by other methods, or by adopting an additional great circle 
to effect the purpose. 

This consideration, as well as that which arises from frequent 
unavoidable departures from previously assigned routes, which must 
frequently occur, particularly to sailing vessels, with contrary winds, 
errors of reckoning from want of satisfactory observations, and the loss 
of time in endeavouring to regain those routes, render it desirable to 
employ an easy method of delineating upon a Mercator's Chart a route 
of regular and continuous curvature through the whole extent of the 
distance to be sailed through, such as can be effected and applied imme- 
diately whenever the ship's position is determined, vdthout reference to 
any previously determined route ; at the same time to combine to a 
certain degree the advantages of great circle sailing, depending upon 
the maximum latitude intended to reach. The mo& of effecting this 
is one of equal simplicity to that of representing the great circle 
route. 

Prob. B. To represent upon a Mercator's Chart a circular route 
between two given jplaces, the point of highest latitude being between 
the two places, and which point has a less latitude than that of the 
vertex of the corresponding great circle. 

1. Describe an arc of a circle upon the chart with such a 
radius that it may pass through the two given places, and reach 
the highest latitude previously determined upon. This arc wiU 
represent the circular route. 

2. Upon this arc, determine hy the chart the geographical 
positions of the points, and proceed as before. 
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We shall now apply this method to the case before mentioned, viz., 
in sailing between the Gape of Good Hoj>e and Yan Diemen's Land^ 
and suppose the highest latitude to be limited to 55° S. 

Join A and B, and diaw the bisecting perpendicular FG" of indefi- 
nite length as before. On this line find the point C, from which,as a 
centre, Ascribe the circular arc AJ)B, that shall pass through A and B, 
and just reach to the parallel of latitude of 55 S. Take, as before, 
12 intermediate points upon this arc, on the meridians of 30, 40, &c., 
respectiyely. In the first of the following Tables the geographical 
positions of these points are given (determined upon the same chart as 
Defore), and also tne courses and distances by Mercator's sailing. 

The second of these Tables gives the positions, courses, and 
distances, upon the circular arc A E B, of which the maTimnm latitude 
is only 50^ The centre from which the arc A E B is described is 
G", the radius, therefore, is longer than that which belongs to the 
arcADB. 

It appears, therefore, that the distance with the maximum latitude 
55° S, exceeds the distance upon a Qreat Gircle (which is 5388 miles) 
by 69 miles ; and that the arc A E B, on which the maximum latitude 
is 50^ is greater than the distance upon the Great Gircle by 190*7 
miles. 



TABLE I. 



CiSOULAB BOCTE 






Maximnm Lat. 55°. 






Places. 


Lota 


L0Dg.E. 


Connes. 


Distances. 


Cape of Good Hope . 


t 
34 22 


18 26 


S 4°8 '2 E 


- 


ist intermediate point 


42 30 


30 


5441 


729-8 


2nd „ „ 


47 30 


40 


64 12 


519-0 


3rd ^ 


50 40 


50 


72 5 


436-6 


4th „ 


52 40 


60 


77 25 


390- 1 


5th „ 


54 


70 


80 16 


367-2 


6th „ 


55 


80 


E. 


354*7 


7th „ 


55 


90 


K 88 33 E 


344-1 


8th „ „ 


54 50 


100 


81 50 


354-4 


9^ „ 


54 


IIO 


74 27 


352-3 


lOth « 


52 20 


120 


69 32 


373-0 


nth „ 


50 


130 


60 41 


400-4 


i2th „ 


46 15 


140 


57 43 


459*5 


Van Diemen's Land . 


43 54 


147 26 


• • 


376-1 


Whole din 


itanoe • • 






5457-2 
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OiBOULAB Route 






Maximnm Lat. 


50° 






Places. 


LatS. 


Long. E. 


Conraes. 


I)l£ianocs. 


Cape of Good Hope . 


o # 
34 22 


18 26 


# 




ist intenuediate point 


40 30 


30 


S56 14 £ 


662-1 


2nd 


43 5 


40 


70 52 


473 'o 


3Ki 


46 


50 


67 4a 


461*2 


4th 


47 55 


60 


74 21 


426-3 


5th „ 


49 


70 


80 43 


403-7 


6th „ 


50 


80 


81 17 


396-0 


7th , 


50 


90 


E. 


385*7 


8th ^ 


50 


100 


E. 


385-7 


9th „ 


49 io 


no 


N85 37 E 


392-5 


loth „ 


48 35 


120 


82 2 


396-9 


nth „ 


47 


130 


76 46 


415-0 


1 2th „ 


44 30 


140 . 


70 17 


444-6 


Van Diemen's Land . 


43 54 


147 26 


73 24 


336-0 


Whole diflt 


ance . 






5578-7 









The following is an abstract of the foregoing results : — 







Distance In 


Excess 


Methods. 


Mazimmn Latitnde. 


Nautical 


above 






Miles. 


Great Circle. 


I. By Great Circle Sailing . . . 



62 


5388-0 




2. „ Circular Arc A V B . . . 


62 


•5397-0 


9*0 


3. „ „ ADB . . . 


55 


5457*2 


69-2 


4. „ „ AEB . . . 


50 


5578-7 


190-7 


5. BhnmbLineAB 


(S.85°9'E.) 


6052-0 


664-0 



It is plain, from these results, that by an indefinite extension of the 
radii of the circular arcs from A to B, both the cnrvature of the arcs 
and the maximum latitudes will diminish, and the arcs themselves 
approach the straight line A B as their limit. 

The whole distance sailed upon any one of these circular arcs has an 
intermediate value between that by great circle sailing and that by 
Mercator's sailing. The shortest route, however, which is represented 
on the surface of the globe by an arc of a great circle appears, when 
represented upon a Mercators Chart, to have the greatest extent of 
arc ; on the other hand, the least distance upon the chart, which is 
that by Mercator's sailing, and represented by the straight line A B, 
is the longest route, and a spiral line upon the globe. This apparent 
anomaly arises from the impossibiUty of representing in their proper 
j)roportions upon a plane or flat surface, such as a chart, any con- 
siderable extent of lines or surface of the globe, and also from the 
nature of Mercator's projection itself. 
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In the foregoing examples, the geographical positions of a number 
of points upon the circular arcs were determined from the chart, and 
the total distances computed, in order to exhibit the results due to 
different maximum latitudes. But in the practical application of this 
method, it is necessary only to assume one point at a conyenient 
distance in advance upon the arc from the place of departure. Then 
determine its position upon the chart, and shape a course towards it, 
either by protraction from the chart itself, or by middle latitude, or 
Mercator's sailing ; and should the ship's position, by subsequent ob- 
servation, be found to deviate from the circular arc previously deter- 
mined, instead of endeavouring to obtain a position upon it, another 
circular arc can be described upon the chart to extend from the ship's 
position thus determined to the place sailed for, and another point 
taken upon it as before. By repeating this very simple process when 
required, the whole distance will be completed. 

In those localities, as shown by the chart, where the projected 
great circle differs but little from a straight line, the apphcation of the 

Seat circle method of saihng offers no advantage over that of 
creator, since both methods then become the same. This is the 
case within the tropics, and in those cases in which the latitude 
of the vertex does not exceed the limits of about 40 degrees from the 
equator. — G. F. 
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PART n. 
NAUTICAL ASTRONOMY. 



INTRODUCTION, DEFINITIONS, AND PREPARATORY PROBLEMS. 



The vast spherical yanlt in which the stars, the snn, and moon 
appear to ns to be placed, we call the heavens, or celestial concave ; 
and although the sun, the moon, the planets, and the fixed stars are 
at various distances from ns, yet they appear to ns all equally remote ; 
nor are we much called upon to correct this illusion of the senses in 
the practical application of astronomy at present under discussion. 

Aiiother illusion is that apparent rotation of the heavens which 
results from the actual rotation of the earth upon its axis ; but as 
the relative positions of the observer and the heavens are the same, 
■whether the earth rotate from west towards east, or the heavens 
rotate about the same axis from east to west, the apparent diurnal 
rotation of the heavens will frequently be spoken of as a real, instead 
of an apparent motion. 

So, soso, the annual revolution of the earth about the sun causes 
the sun to appear to move among the stars in a great circle, and the 
direction of the motion may be described as from west through 
south, eastward. This also is often spoken of as a real motion of 
the sun. 

The axis of the earth produced to the heavens points out the 
celestial poles, or those points round which the apparent diurnal 
revolution of the celestial sphere is performed ; and tne plane of the 
terrestrial equator produced to the heavens is called the celestial 
equator. 

Circles from pole to pole of the heavens, intersecting the equator 
at right angles, are called circles of declination^ or howr circles : one 
of these is supposed to pass through every celestial object, and to 
revolve with it in daily course; and that one which passes through 
the zenith, or point directly over the observer's head, is called tibe 
meridian of the observer. 

Less circles of the sphere, parallel to the celestial equator, are 
called parallels of declinaiion; these are the paths, also, of the 
heavenly bodies, in their apparent daily revolutions, each running on 
its particular parallel like a bead along a string. 

The ecliptic is that great circle in the heavens which the sun's 
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centre appears to describe annnally amftng the stars in a direction 
best defined, as from west through the south, eastward, the motion 
being viewed from the north side of the plane ; it meets the equator 
in two points, called the equinodidl points, from the circumstance, 
that when the sun arrives at either of them, his path for that day is 
bisected by the horizon of every place, and, thus, the day and the 
night are everywhere of equal length. 

The piane of the terrestrial equator does not coincide with the plane 
of the earth's orbit round the sun ; hence, the apparent path of the 
sun, or the ecliptic, is inclined to the celestial equator, and the angle 
of incHnation, which is about 23® 28', is called the obliquity of the 
ecliptic. 

That point at which the sun crosses from the south to the north 
side of the equator is called the first point of Aries; Aries being 
the first of twelve parts, called signs, into which astronomers divide 
the ecliptic. 

The names of these divisions, and their distinguishing characters, 
are as follow : — 



Aries. 


Taurus. Glemini. 


Cancer. 


Leo. 


Virgo. 


cyD 


8 n 


25 


SI 


m 


Libra. 


Scorpio. Sagittarius. 


Capricomus. 


Aquarius. 


Pisces. 


=^ 


m / 


VI 


^ 


X 



From the attraction of the sun and moon on the protuberant parts 
of the earth about the equator, the equinoctial points move westward 
along the ecliptic about 50" in a year; this motion is called the 
precession of the eqviinoxes. 

Circles perpen^cular to the ecliptic, and meeting in its poles, are 
called cirdes of celestial latitude. 

The latitude of a celestial body is the arc of a circle of latitude 
intercepted between the object and the ecliptic. 

The longitude of a celestial body is the arc of the ecliptic between 
the circle of latitude passing over the body, and the mst point of 
Aries, estimated in the order of the signs. 

The declination of a celestial object is the arc of a circle of declina- 
tion between the object and the equator. 

The right ascension of a celestial object is the arc of the equator, 
or angle at the pole, included between the circle of declination which 
passes over the object and that which is drawn to the first point of 
Aries, and is estimated eastward, or in the order of the signs. 

The right ascension of the meridian is the angle at the pole 
included by the meridian of the observer and the meridian passing ' 
over the first point of Aries, reckoned eastward, in the order of the 
signs. 

The sensible horizon is a plane conceived to touch the earth at the 
point where the observer is situated, and meeting the celestial concave 
in a great circle. 
.. The rational horizon, a great circle of the heavens, whose plane is 
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parallel to the sensible horizon, and passes through the centre of the 
earth. 

When the term horizon only is nsed, it generally signifies the 
rational horizon. 

The zenith is that point of the heavens which is directly over the 
observer's head, and the nadir is the opposite point ; they are the 
poles of the horizon. 

G-reat circles perpendicular to the horizon, and which, therefore, 
meet in the zenith, are called vertical cirdes, azimuth circles^ or circles 
of aJiUude. 

Less circles, parallel to the horizon, are called parallela ofaliUvde. 

In the adjoining figure, which is a projection of the sphere on the 
plane of the meridian of the observer, — 




The circle A Z P B N is the meridian ; Z, the zenith ; N, the nadir ; 
P, S, the north and south poles. 

A B is the horizon, which here appears as a straight line, the spec- 
tator being supposed to look in the direction of the plane of this 
circle, as at the edge of a circular card held horizontally before his 



B is the north, and A the south point of the horizon. 

All the circles which meet in P are circles of declination, or hour 
circles. 

C D is the celestial equator, and, like all great circles which pass 
through E, appears in this projection as a right hne. 

The point E, which may be considered as the east or west point of 
the horizon, is 90° distant fi:om every point of the meridian, and is 
therefore a pole of that circle; and all great circles which pass 
through E are at right angles to the meridian, and appear in this 
projection as right lines ; Z E N, the vertical circle at right angles to 
the meridian, is called the prime vertical ; PS, the hour circle at 
right angles to the meridian, is called the six o'clock hour circle. 

Since PC = ZB = 90°, if ZPbe omitted, Z C = PB ; butZO 
measures the latitude of the place whose zenith is Z, therefore P B, 
or the altitude of the devaied pole, is equal to the latitude of the dh 
server. 

Z Fis the colatitude. 
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Let F represent any celestial object, then F H is its declination ; 
F P, its polar distance ; F K its trxie cdtitude ; F Z, its zenith distance. 

The angle Z P F is the hour angle, or meridian distance ; F Z C, 
its azimuth from the south in north latitude, or from the north in 
south latitude. • 

F Z P, its azimuth from the north in north latitude, or from the 
south in south latitude. 

The arc G H also measures the hour angle, and A E or E B the 
azimuth. 

If an object rise or set at 0, E or the angle E Z is called its 
amj>littide, and is reckoned filom the east point when the object is 
rismg, and &om the west when setting, and lies towards the north or 
south of those points, according as the declination is north or south. 

We might have used, for our illustrations, another picture or pro- 
jection of the circles of the sphere, viz., that in which the observer is 
supposed to look perpendicularly from the zenith upon the plane of the 
horizon. 

In this the horizon appears as a circle, and the zenith as its centre, 
and all the circles which pass through the zenith — for example, the 
meridian and vertical circles — ^as straight lines, diameters of the 
horizon. 

The principal advantage of this projection is that it exhibits at one 
view the whole hemisphere which is above the horizon. 




In this figure the circle represents the horizon, and the reader must 
suppose himself to be looking down upon it from the zenith Z ; N Z S 
will then represent the meridian of the place whose zenith is Z, 
V the elevated pole, N P the elevation of the pole, equal to the latitude 
of the place of observation. 

WZ E, the vertical circle at right angles to the meridian, called 
the prime vertical, cutting the horizon in the east and west points, 

The points E, W, are the poles of the meridian N P S, for they 
are 90*" distant from every point in that circle. All circles, therefore, 
which cut the meridian at right angles, meet in these points. 

N, S, are the poles of the circle W Z E. 
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The zenith Z, and its opposite point, the nadir, are the poles of the 
horizon. 

W P E is the m o'clock hour circle. 

W Q E is the equator. 

If an object be at F, F K is its altitude, F P its mlar distance, 
S Z F its azimuth, Z P F the hour angle or meridian distance, and if 
an object rise at 0, E is its amplitude. 



TIME AND ITS MEASURES. 



That instant of time at which the snn appears upon the meridian of 
the obserrer, is called apparent noon ; and the interval between two 
successive noons is called an apparent solar day.* 

Were the sun to move eastward in the equator, as he now appears 
to do in the ecUptic, and were the spaces thus passed over each day 
uniform, then the intervals from noon to noon would evidently be per- 
fectly uniform. 

But as the sun neither moves in the equator, nor are the spaces 
moved over in the ecliptic uniform each day, he does not return to the 
meridian after equal mtervals of time, and therefore the apparent 
solar days are of unequal length. 

In order to avoid the inconveniences attendant upon these inequali- 
ties, the astronomer compensates them by the following hypo- 
theses: — 

First, when the sun arrives at that point of the ecliptic where 
he is nearest to the earth, and his progress along the ecliptic most 
rapid, an imaginary star is supposed to set out with him, and to move 
along the ecliptic at the average rate at which the sun moves. At first 
the star vnU be outrun by the sun, but as his pace relaxes, the star 
will again overtake him, and they will arrive together at the opposite 
point from which they set out, or at that point where the sun is 
furthest from the earth, and the velocity in the ecliptic the least. 
Again from this point the star will get at first in advance of the sun, 
but the sun's rate of motion increasing, they arrive together at the 
point from which they started. If, now, the transits of this supposed 
star be substituted for the transits of the sun, the unequal motion of 
the sun is corrected. 

In the next place, this star in its progress round the ecliptic must 
pass through the first point of Aries; and at this instant another 
imaginary body, called the mean sum,, is supposed to set out, and, 
travelling in the equator eastward at the same rate as the star, they 
meet again at the first point of Libra, each having passed through 
1 80° at the same rate : they are also on the same meridian together 
at the solstices. 

If, now, the transits of the mean sun be substituted for those of the 
star, both causes of the inequaUty of the solar days are compensated. 

* The student should always bear in niind that we speak of the sun as a poiut, 
unless otherwise stated. 
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The mean solar day is the interral between two mean noons, or 
transits of the m£an sun over the meridian. 

The difference between m£an timeajii apparent time at any instant 
is called the equation of time. 

The equation of time consists of two parts, one depending on the 
inequality of the sun's motion in the ecliptic ; this vaniflhes when the 
earth is nearest to and farthest &om tne sun ; and the other part 
depending upon the obliquity of the ecliptic ; this part vanishes at the 
equinoxes and solstices. 

The beginning and ending of the mean solar day differ but little 
from those of the apparent solar day, being sometimes a little earlier 
and sometimes a little later. And this near agreement is of no small 
importance ; for while the progress of the sun is the most obvious and 
natural measure of time, the mean solar day is its standard measure in 
civil affairs. 

The interval between two successive transits of the first point of 
Aries over the same meridian is called a sidereal day. 

In order to compare this portion of time with the length of a mean 
solar day, we will consider what takes place at the time the mean sun 
is setting out from the first point of Aries on his annual course round 
the equator. At this time the same meridian passes over the mean 
sun and over the first point of Aries ; and after the lapse of a sidereal 
day, during which the earth has made one complete revolution, the 
meridian again passes through the first point of Aries ; but in this 
interval the mean sun has advanced eastward along the equator, and 
the meridian has, therefore, also to advance from west towards east 
(for this is the direction of its rotation) so much beyond a complete 
revolution in order to come up to it. 

Thus, the mean solar day is longer than the ''sidereal day, and as 
each day is divided into 24 hours, it is evident^ that in 24 hours of 
sidereal time less than 24 hours of mean solar time will have elapsed ; 
in feet, 24 hours of sidereal time are equivalent to 23 h. 56 m. 4*0906 s. 
of m£an time. 

Again, 24 hours of msan tims are equivalent to 24 h. 3 m. $6 • S S 54 s. 
oi sidereal time. 

Tables founded on these relations are given near the end of the 
" Nautical Almanac," under the title of Tables of Time Equivalents, 
by which intervals of mean or sidereal time are readily expressed in 
parts of sidereal or mean time respectively. 

Example 1, — "What is the interval of sidereal time corresponding 
to an interval of S h. 27 m. 56*38. of mean time ? 



An Time. 


Sidereal Time. 


5 h. is equivalent to 


5 h.om. 49-28248. 


27 m. „ 


27 4*4354 


56 8. 


56*1533 


*3 


•3008 



5h. 27 m. 56-38 5 h. 28m. 50* 1719 8. 
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Example 2. — ^What is the interval of mean time corresponding to 
4I1. 25m. 34" 37s. of sidereal time ? 

Sidereal Time. Mean Time. 

4 h. is equivalent to 3 h. 59 m. 30*6818 s. 
25 m. „ 24 55-9044 

34 s. „ 33*9079 

•37 .. '3690 



4 h. 25 m. 34*37 8 4 h. 24 m. 50*8631 s. 

If a watch measnring intervals of mean time correctly were set at 
12 at the time of the mean snn's transit over the meridian, then when 
the watch showed one hour, the circle of declination passing over the 
mean sun and revolving with it would make with the meridian of the 
observer an angle at the pole of 1 5° to the westward, for the whole 
revolution takes place in 24 hours. Hence appears a connection be- 
tween the angular meridian distance of the mean sun and the measure 
of mean time. 

Mean time, then, is measured by the ande at the pole between the 
meridian of the observer and the circle of declination of the mean sun 
at the rate of one hour to every 1 5°. 

Similar reasoning shows that apparent time from noon is measured 
by the westerly meridian distance of the sun — ^and sidereal time by 
the westerly meridian distance of the first point of Aries ; which 
is the same thing as if we had said the angle at the pole eastward 
from the hour circle of the first point of Aries to the meridian of 
the observer, or what is still the same, the right ascension of the 
meridian.* 

Hence the sidereal time, and the right ascension of the msridian, 
are synonymous expressions. 

And hence also, when any celestial object is on the meridian, the 
sidereal tims is equal to that object's right ascension. 

Fig. 8. 




AT T 



To illustrate these definitions, let 

P A be the meridian of np, or first point of Aries. 
P G be the meridian of Greenwich, 
P E a meridian in east longitude. 
P W a meridian in west longitude. 
P M the hour circle of the mean sun. 
P T the hour cfrcle of the sun. 
Then M P G, T P G, and A P G, which are respectively the 
westerly meridian distance of the mean sun, the sun, and the first 

* The sidereal time at Greenwich wean noon of each day, is given in the "Nautical 
Almanac," 
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point of Aries, measure the mean, apparent, and sidereal time at 
Greenwich. 

M P E, T P E, and APE, measnre the corresponding times at 
the eastward meridian, and M P W, T P W, and A P W, those at 
the westward meridian at the same instant, or for the same positions 
of M, T, and A. Therefore, since W P G and W P E are the longi- 
tude of the meridians P W and P E, it is seen that the difference 
between the estimated times at different places at the same instant, is 
a measure of their difference of longitude (15° being considered still 
equivalent to one hour). 

We also see that the largest measure of time, and, therefore, the 
latest hour, belongs to the most eastward place.^ 

For example, if two observers at different places, both having the 
means of noting local tune exactly, observed the same remarkable 
phenomenon, the explosion of a brilliant meteor, for instance, and 
that at one place it occurred at five, and at the other at three in the 
afternoon, then is their difference of longitude two hours or thirty 
degrees, and he who saw it at five is to the eastward of the other. 

Eeverting to the figure, the angles to the eastward of P A, namely, 
A P M, A P T, A P W, &c., are the right ascensions of M, T, W, &c., 
that is, of the mean sun, the sun, the meridian P W, &c. 

A P W, which measures the sidereal time on the meridian P W, is 
also the right ascension of that meridian. When any object is on the 
meridian, its right ascension coincides with that of the meridian, and, 
therefore, with the sidereal time. 

The polar angle MPT, subtended by the mean sun and true sun, 
is the eqvMion of time. 

In civil reckoning noon is the middle of the day, but in astrono- 
mical reckoning it is the beginning of the day ; the civil day com- 
mencing at midnight, and the astronomical day at the foUowing 
noon. 

The hours of the day are also reckoned in astronomy without inter- 
mission, from o to 24. Thus April 25th, 2 hours a.m., or 2 o'clock 
in the morning, is the same as April 24th, 14 hours astronomical 
reckoning. 

April 25th, 3 hours p.m., is also April 25th, 3 hours, in astrono- 
mical reckoning. 

The astronomical date agrees with the civil date in the afternoon, 
but in the morning it is found by increasing the hours by 12, and 
subtracting one from the days of the month. 

To prevent confusion, hours, minutes, and seconds of time are dis- 
tinguished by the letters h. m. s., written after or over them, and 
degrees, minutes, and seconds, of arc or angle, by the marks ° ' ". 
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PEOBLEMS. 

Pboblem I. — To convert arc into time. Aa 15° correspond to one 
hour, 

1° will correspond to 4 m. 

I „ y, 4 s. 

i" „ „ 4t. (thirds.) 

Therefore, multiply the degrees, minutes, and seconds by 4, and the 
result will be minutes, seconds, and thirds of time. 

JExam]^.—ConYeit 15° 47' 55" into its equivalent time. 

O tf M 

15 47 55 

4 



63 m. 118. 40 t. 
or, I fa» 3 m. II 8. 40 1. 

Peoblkm 2. — To con/oert time into arc. 

First express the time in minutes and seconds only> and then 
divide by four. 

Example. — Co nvert 4h. 2Sm. 30s. intoarcorlongitude* 

Given time in minutes, &c. 265 m. 30 s. 

Divided by 4 66° 22* 30*' 

Problem 3. — To find the Greenwich date; the time at any other 
place and the longitude being given. 

As the difference of time at any instant at different places is 
measured by the longitude in time, and is latest at the eastward 

f)lace ; add the longitude in time to the date at the place, when the 
ongitade is west, or subtract it from that date when the longitude is 
east : the result is the Greenwich date. 

. Example i. — What is the Greenwich date when it is i/h. 3Sm. 45s. 
past noon on March 2Sth, in 122° 13' W longitude? 

d. h. m. 8.' 
122° 13' is equivalent to 8852 

And the given date is March 25 17 35 45 



The Greenwich date is March 26 i 44 37 
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Example 2. — What is the Greenwich date when the sun is on the 
meridian of a plaice in 75° 44' E longitude, on April 21 ? 

The sun being on the meridian, it is apparent noon. 

d. h. m. 8. 
.*. The given date ifl. . . April 21 o o oApp.noon. 
Longitude in time . . 5 3 56 

Greenwich date . . . April 30 18 57 4App. time. 

In the first of these questions, the added longitude advances the 
day of the month ; and in the second, the hours of the longitude to 
be subtracted are taken from a borrowed day or 24 hours, thus 
making the days of the month at Greenwich one less than at the 
place. 

A bad habit prevails in writing dates, of separating the month and 
day from the hours, minutes, and seconds. The day of the month 
should always precede the minor divisions of time which give the pre- 
cise instant of the day intended. 



Problem 4. — To take out the right aseension of the mean sum for a 
given mean Greenwich date, 

1. With the given day enter the " Nautical Almanac," page II. of 
the month, and take out the sidereal time, which is the right ascen- 
sion of the mean sun at Greenwich mean noon. 

2. Enter the Table in the "Nautical Almanac," entitled, Table for 
converting intervals of mean solar time into equivalent intervals of 
sidereal time, with the hours, minutes, and seconds of the Greenwidi 

'date successively, under the headings — "Hours, minutes, seconds of 
mean time," and take out the difference between the hours, minutes, 
and seconds, &c., bo found, and the time which stands opposite to 
them, under the heading, " Equivalents of sidereal time." 

3. Write these differences (which are the increase of the mean 
sun's right ascension for those portions of time) under the right ascen- 
sion at mean noon, and add all up as they s^d. The sum is the 
right ascension of the mean sun at the given mean Greenwich date. 

Example. — Bequired the right ascension of the mean sun for the 
mean Greenwich date, 1855, Oct. 5th, 13 h. 54 m. 25-6 s. 

h. m. B. 
Eight ascension of the mean sun at Greenwich mean noon, > ,^ _ «, . -« 

Octobers / " 5423-22 

r 13 h 2 8-13 

Acceleration for . I Jf f " ^.'®Z 

I '6 • -oo 

Bight ascenfiion of mean sun at the given date .... 12 56 40*29 
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OOBRECTIONS OF OBSERVED ALTITUDES. 

The altitude of a heavenly body above the sea horizon having been 
measured with a sextant, certain corrections are to be applied to it, 
to reduce it to the true altitude or elevation above the rational 
horizon. 

These corrections are dip^ index errors refradionf semidiameter, 
and parallax, 

DIP. 

The dip is the depression of the sea horizon, below the level of the 
observer s eye, or below the level of the sensible horizon. 




Thus, if OE represent an observer standing on the earth at 0, 
Z D E H is the dip, which is to be subtracted from every altitude 
above the sea horizon, to find the altitude above the horizontal plane 
D E. 

Let = r, and E = h, then C E = r + A, and 
C H = C = r, 
aIsoZDEH+ZHEC = 90° 
and Z H E + Z H C E = 90^ 
/. ZDEH+ZHE0 = ZHEC+ZHCE, 
omit Z H E from each, 
.-. Z DEH= Z HCK 

NowcosZC=-^ = ^:-p^, 

h h 

/.I - COS C = -rTTh ^^ "» ^^^ nearly ; neglecting h 
in the denominator, as it is insignificant with respect to r. 

r. 2 sm' - = -, 
2 r 

. , C 2 A 2, 
or, 4 sm' - = — = ~A. 
' ^ 2 r r 

/. extracting the square root, 2 sin - = ^X X W - 

2 T 
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but 2 sin — = sin C very nearly = C sin i' very nearly, C being 

very small, and reckoned in minntes. 

I /"J 

/. The dip in minutes ^ J h X - — -, X \/ — 
■^ ^ sm I ^ r 

The refraction, however, makes the dip rather less than it would 
Otherwise be, and allowance being made for this, h being reckoned 
in feet 

The dip in minutes = '9784 V~^ 

From this it will be seen that the square root of the height of the 
^ye in feet is nearly equal to the dip in mintUes. 



EEFRACTION. 

The correction for refraction is necessary, on account of the effect 
of the earth's atmosphere, which bends me rays of light passing 
through it into a position more nearly vertical, and thus causes the 
apparent places of the heavenly bodies to be above the true places. 

Fig. 10. 




Thus an object situated at S is seen at S', nearer the zenith, or at 
a greater elevation than it would have, but for the effect of the atmo- 
sphere. The atmosphere is represented W the band of parallel lines, 
and the ray S is bent downwards to on its entry and passage 
through it. An object at Z will not be affected by refraction, no 
reason existing why the vertical ray Z should be }jmt more in one 
direction than in another. The amount of the correction for refrac- 
tion varies with the tangent of the zenith distance, so that, 

refraction = sy" .tan zenith distance nearly ;* 

57" being the refraction of an object 45"^ fixwoa the zenith, when the 
thermometer is at 50^, and the barometer 29 '(3 inches. 

* This rule is merely approximate, and not applicable for altitudes under 12°. 
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The nmonnt varies with the changes which take place in the tem- 
perature and pressure of the atmosphere, as indicated hy the thermo- 
meter and harometer. And Tahle V. gives the correction to be 
applied to the mean values given in Table HI., on account of these 
changes. 



SEMIDIAMETEB. 

The semidiamder is applied to the measured altitudes of such 
objects as have a visible disc, as the sun and moon ; the altitude of 
the upper or lower edge or limb being first observed, and then in- 
creased or diminished by the angle subtended by half the breadth of 
the disc ; as it would be measured at the place of observation. 

The semidiameter of the sun and moon are given in the " Nautical 
Almanac ;" that of the sun for every day at mean noon in page II. 
of the month; that of the moon for mean noon and midnight, page 
III. These semidiameters are as they would be observed from the 
centre of the earth, and therefore require a correction for the situa- 
tion of the observer, who is on its surface. The sun, however, is at 
so great a distance, that the auffmentation due to the nearer position 
of the observer need not be considered. But the moon's semidiameter 
is appreciably changed, and must be augmented by the quantity 
given in Table VIII., before it is applied to the observed altitude of 
the moon's upper or lower limb, to find the altitude of the centre. 

The method of computing the augmentation will be presently ex- 
plained. 

PARALLAX. 

The paraHdx is a correction which is to be added to the apparent 
altitude, or that which is taken on the earth's surface, to make it 
what it would have been, if observed at its centre, and estimated 
from the rational horizon. It is the angle subtended at the object 
by that radius of the earth which is drawn to the place of observa- 
tion. _ 




Thus, if be the place of the observer, C the centre of the earth, 

a 

Digitized by VjOOQ IC 



82 NAUTICAL ASTRONOMY. 

X any object. Then the angle C X O is the paraUax in attitude. 
An object at Z', in the prolongation of the radius 0, has no parallax. 
"When the object is in tiie horizon, the parallax is the greatest, and 
is called the horizontal parallax, and its value being known, the 
parallax at any elevation above the horizon can be computed. 

Let X represent the same object X in the horizon. 

Then Caj = CX; 
CO_CO 
Caj"'CX^' 

Bin Z X 
or, smz x= ^^^xo~Z'' 

/. sm a; x sin X Z' = sin X. 

Or, as a; and X are always very small angles, and therefore will 
vary very nearly as their sines — 

oj X sin X Z' = X. 

But X is the horizontal parallax, X the parallax in altitude, and 
supposing the earth a sphere, X Z' is the apparent zenith distance, 
or the complement of the apparent altitude. 

Hence the usual formula, 

Horizontal parallax x cos. appt alt. = parallax in aUitude. 

The moon's horizontal parallax, as given in the " Nautical Alma- 
nac," is, as we are there mformed, " the greatest angle under which 
the earth's equatorial semidiameter would appear if seen from the 
centre of the moon." 

REDUCTION OP THE MOON'S PARALLAX. 

The earth's equatorial radius being the greatest, it follows that this 
horizontal parallax must be diminished to adapt it to any place at a 
distance from the equator, and the reduction for this purpose is given 
in Table VI. The quantity thus found is to be subtracted from the 
horizontal parallax taken from the " Nautical Almanac." 

The reduction of the horizontal parallax is greatest at the poles 
and nothing at the equator, and increases in the ratio of the sine- 
square of the latitude. So that if the reduction be 12" -4 at the poles, 
in the latitude 30°, it will be — 

i2"'4 X sin 2 30°. 
log sin 30°. . . 9*698970 
2 



9-397940 
I2"'4 . • . 1*093422 



3"i . . • 0.491362 



Thus in latitude 30° the reduction will be 3"* i. 
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If c represent the compression, or the difference between the polar 
and equatorial radii, and a the equatorial radios, and G^P the radius at 
any point P whose latitude is l, then by the principles of conio 
sections — 

CP c . „ , 
— = I .sin 7 nearly. 

^ . C P __ Horizontal pa rallax for P __ h 
a "" Horizontal parallax at equator "" h' 

n a 

or, A = A' — A' . — . sin % 
a 

Therefore A' .-. sin H is the quantity to be subtracted from h' or 

the equatorial horizontal parallax, in order to find h the horizontal 

parallax for the place P ; the factor - depends upon the form of the 

spheroid, or upon the amount of compression ; assuming its value as 
-g-5-0, the computation of the reduction of the horizontal parallax will 
be as follows, when the horizontal parallax from the "Nautical 
Almanac " is 60', and the latitude of the place for which it is required 
to reduce it 52°, 

60' 
— . sin 2 52° = 12". Bin" 52° 

300 ^ ^ 



Bin 52° . . 


• 9-896532 

2 


Horizontal parallax. . . . 
Reduction 

Reduced horizontal parallax. 


60' 0" 
7*45 


12" . . 
Reduction 7"" 45' 


9-793064 
. i'079i8r 

. 0-872245 


59 52-55 



ANGLE OF THE VERTICAL. 

On account of the spheroidal form of the earth, the flattening at 
the poles, and the bulging at the equator, consequent upon its rapid 
rotation, the radii are not perpendicular to the surface, except at the 
equator and the poles, and therefore Z' in the last figure is not 
generally perpendicular to the sensible horizon (0 x) of the observer 
at 0, and Z' therefore is not exactly in the zenith. 

The deviation of C Z' from the vertical is called the " anffle of the 
vertical;" the inclination takes place in the plane of the meridian 
from the pole towards the equator, and varies in amount with the 
sine of twice the latitude. It is consequently greatest at the parallel 

G 2 
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of 45°, where its value is ii' 27" -3. This being denoted by 0, the 
formula for computing its value for any other latitude (2) is 




In the figure, let be the place of observation, C the centre of the 
earth, H A the sensible horizon touching the earth at 0, Z per- 
pendicular to n A meeting the heavens in Z the zenith, whereas the 
radius C produced meets the heavens in Z' ; then Z Z' is the 
angle of the vertical. The angle Z N E or N E between the ver- 
tical Z N and the plane of the equator is called the true latitude of 
0, and the angle at the centre C E is the reduced latitude ; C E 
being less than N E by the angle of the vertical N 0. 

Let M be drawn perpendicular to E Q, then 

.^-^ = tan ONM =:tan 7; and^^-^ =tanOCM=:tan/. 

Therefore, by division, tttt^ = -r — ^. 
' ^ 'MC. tan? 

But m an ellipse ^j-^ = n'W • 

Or denoting C E by a and C P by 6, the equatorial and polar radii 
of the earth — 

MN _ 6^ 
M ~ a^ ' 
6« 



Therefore 



tan Z , « ctV , 
^^^,ortanr = 5->nZ. 



From this, knowing the value of tj, the reduced latitude may be 

computed from the true latitude. 

Assuming the compression at -j^ of the greatest radius, 

V 

The logarithm of -, = i •997100. 
a 
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Example. — Reqmred the angle of the vertical or reduction of lati- 
tude for the true latitude 55°. 





tansso . 


. . . 10-154773 




54° 49' "" . . 
55 


1-997100 


Reduced lat. 
True lat. . 


. . tan io'i5i873 


Beduotion . 


10' 48" 





When the moon is on the meridian at her upper tranait, the zenith 
distance should be diminished, or the apparent altitude increased, by 
the whole amount given in Table VII., before the parallax in altitude 
is computed from l^e formula 

HorizontaJ parallax x cos app. alt. = parallax in alt. 

When on the meridian below the pole, the correction must be 
added to the zenith distance or subtracted from the apparent altitude. 

And when she is not on the meridian, the azimuth should be 
observed or computed, and the correction to be applied to the zenith 
distance may then be computed by this formula : — 

Correction = angle of vertical x cos azimuth. 

The azimuth being reckoned from the north in south latitude, and 
from the south in north latitude. 

This correction will be — while the azimuth is less than 90°, and 
4- when it is greater, and nothing when the bearing is east or west. 



Fig. 


13. 




/ 


P >. 


[^ 


5 ] 


X 


m y 


^ — 


\ — 



Let N E S W represent the horizon, the eye being supposed to be 
placed at the zenitn looking perpendicularly downward. 

Let N S represent the meridian, P the pole, Z the zenith, 71 the 
point where the radius produced meets the heavens ; then Z Z' mea- 
sures the angle of the vertical in the former figure. 
^ Let M represent the position of a heavemy body, M Z its zenith 
distance, M 71 its reduced zenith distance. 

If Z' ^ be drawn perpendicular to M Z,|? Z will be very nearly the 
difference between M 71 and M Z. 

Now p 7=^771.0^^ A 7. 

or Correction = angle of vertical x cos azimuth. 
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THE AUGMENTATION OF THE MOON'S SEMIDIAMETER. 

Let X (figure at page 8i) represent the moon, the place of ob- 
servation, C the centre of the earth. It has abready been said that the 
eemidiameter as viewed from is given in the " Nautical Almanac ;" 
let this be denoted by s ; then the semidiameter as seen from will be 
greater, in the same ratio that the distance C X is greater than X ; 
let this increased semidiameter be expressed by 8 -f ^9 where a is the 
augmentation sought. 

Let X Z', the apparent zenith distance = Zy the parallax 
Z X = ^, then X C Z' the true zenith distance = ^ — ^. 

,p, CX s -f-a 

^^^ XO = a • 

Also by the triangle C X — 

C X sin 2? 



X ' sin (« — jpy 

Therefore 8-\-a _ emz 

~~8 "~ sin (2? — py 

And resolving this equation — 

• P 
2 8 . sm"^. cos 
2 
a = — 



(-1) 



sin {z — p) 

which is the formula employed in computing Table VIII. This aug- 
mentation is to be added to the semidiameter of the moon as taken 
from the "Nautical Almanac," before it is used in correcting an 
observed altitude. 

Given the moon's horizontal parallax 58' 57", the apparent altitude 
42°, and semidiameter 16 4", to find the augmentation. 

Par, in aU, = "hor. par. x cos. app. alt, 

hor. par. 3537" log • • 3 '548635 app. alt. . . 
app. alt. 42° cos . . . 9.871073 

app. zenith dist 

6,0)262,9 . . . 3,419708 p 

1 



p- 


.43 49 


7 


.21 54 


8,. 

2 8,. 


.16' 4 
2 

.33 8 = 1928" 



(-f) 



Cz-p} 



42 








48 



21 



54 


47 38 


6 


48 
—43 49 


47 


16 


II 
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• P 

2 s . Sin - . COS 

2 

a = — 



('-?) 



sin (z — p) 

2 $ 1928" log 3*285107 

^21' 54" sin 7 '8041 73 



(«- -) 47° 38' 6" 008 9-828564 

20'9i7844 
(z — p) 47° 16' 11" sin 9.866025 



ii"'27 . 1-051819 



THE SEXTANT. 



Let A % be a line directed towards an object h, and across this line 
sappose a small mirror H to be placed ; in the figure the mirror may 




be supposed to stand pei^ndicularly on the paper. Let H i be per- 

Fsndicular to the face of this mirror. Draw H I, making the angle 
H i = Z AH Xj. At I, suppose another mirror represented by the 
short black line to be placed, facing the direction I m, or so that I m 
is perpendicular to it, and draw S I, making ZSIm=ZHIw. 

Now if S represent another oWect, the ray S I will be reflected by 
the mirror I, in the direction I H, and again by the mirror H, in the 
direction H A. 

An eye at A, therefore, or at any point in H A, will see the image 
of the object S in the direction A h. 

If then the mirror H be left h«^lf unsilvered, so that the object h 
may also be seen ; then both h and the image of S will be seen in 
the same direction. 

Now let S I be produced to meet H A in A ; then the angle S A A 
is the angular distance between the objects S and h. 
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By making I movable about the centre, the images of objects at 
various angduar distances from h, may be made to coincide with h in 
the same manner. 

It will now be shown that the inclination of the mirrors to each 
other is equal to half the angle A. 

Z Iofc= Z How, (EucL, 15.) 

ZftIo=ZoH», each a right angle, 
An=:Z.Jc. 
Agam SIH = IHA + A, (Euc. L, 32.) 

.-. iSIH = iIHA + iA; 
or, mIH = IHft + iA. 
but, mIH = IHAj + ft. 
Therefore IHi + Xj=IHft + iA, 
omitting IHA from each, 

and therefore w = J A. 

Or, the inclination of the mirrors to each other = J Z A. 

Thus, if any mechanical means can be employed to measure the 
inclination of the mirrors, the angle A, or the angular distance of 

Fig. 15. 




two objects can be ascertained. For this purpose the glasses are 
attached to a solid frame-work, and to the glass I is attached a 
movable radius I V, carrying an index V, which moves over the arc 
or limb V L as I is turned about the centre. 

The limb V L is divided into degrees, &c. And these divisions 
should commence from the point at which the index stands when the 
mirrors I and H are parallel, for then their inclination is nothing, 
and the arc moved over by the index from that point will measure 
the inclination of the glasses. Thus VV measures VIV, or its 
equal Z w. 

As, however, it is not the inclination of the glasses but the angular 
distance of the two objects which is sought, the half degrees are 
marked as whole degrees on the divided limb, so that the degrees, 
&c., read off, are the measures of the angle subtended by the objects 
observed. 

For simj)licity, the radius I T has been drawn in the same plane 
with the mirror I : this is seldom the case in the sextant, and does 
not affect the principle ; for if the radius were bent into the position 1 v, 
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tlie divisions would commence at v instead of Y, and the index wotdd 
arriye at v' instead of Y' when carried along the limh, and vv' = 
VV; or the measured arc would remain the same. If when the 
mirrors are parallel, the index do not stand at zero, but rather in 
advance, or to the left, then every arc read off will be too great ; and, 
on the contrary, if it stand to the right, every measured arc will be 
too small ; this constitutes what is called the indent-error, which must 
always be ascertained by careful observations in the manner hereafter 
directed. 

The index at V is furnished with a scale for subdividing the divi- 
sions of the limb ; this scale is called, from its inventor, a Vernier, 
and is thus constructed. Suppose the divisions on the limb to be 
each lo', as is usually the case in a sextant ; then 59 such divisions 
will contain 590', and this length being divided into 60 equal part^s, 
the value of each of the new divisions will be 9' 50", or 10" less than 
each of the divisions on the limb. And these 60 divisions constitute 
the Vernier scale, which is attached to the extremity of the movable 
radius I V, and slides along the limb I V. - 

It will be seen that 6 mvisions of the Vernier are just i' shorter 
than 6 divisions of the limb. If therefore the stroke which marks 
the 6th division of the Vernier were to coincide with one of the 
strokes upon the limb, the index or zero-point of the Vernier would 
be just i' in advance of the corresponding mark or stroke upon the 
limb. In the same manner, if one of the marks which terminate the 
12th, 1 8th, 24th, &c., divisions of the Vernier were thus to coincide 
with a mark on the limb, the index of the Vernier would be 2', 3V4'> 
in advance of the corresponding division of the limb, and thus the 
lo-minute divisions are divided into single minutes. These pomts 
of the Vernier are distinguished by longer strokes, to facilitate the 
counting. 

Moreover, if any mark between these sixths or minute marks 
coincide with a division of the limb, for each such mark past the 
preceding minute, the index will be further advanced 10", and thus 
the rea&ig may be completed to the nearest 10" by means of this 
ingenious contrivance. 

The general principle may be thus explained : — 

Let n represent the value of each division on the principal 
line or limb ; 
m, the number of these divisions, taken as the length of 
the Vernier scale. 
Then m n = the value of these m divisions. 

And this being divided into m + i equal parts, gives 
m n 



w + I 



for the value of each division of the Vernier. 



And therefore n ; — or — ; — = the difference between one 

m + I m + I 

division of the limb and one of the Vernier. 
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Now on the sextant n = lo', and if it be required to sabdivide to 
lo", we liave the equation to solre — 

n „ id „ 600" 
; — = 10 or ; — = 10, or ; — = 10 ; 

/. 600 = 10 w + 10. 

Whence it is easy to perceive that m = 59. 

K w = 20' = two divisions of the limb, w is 1 19 ; or 1 19 divisions 
of the limb are taken for the length of the Vernier, and this is now a 
common mode of constmction. 

The same principle applies to the divisions of Yemiers for baro- 
meters, &c. 

Let w = -rV of an inch, and let it be required to subdivide to 
looths of an inch. 

Then — : — = -oi, 

, or, multiplying by 100 ; — — — = i /. 10 = m + i, or m = 9. 

Therefore the number of divisions taken from the principal line 
must be 9, and this length must be divided into 10 equal peuis, and 
then the Yemier scale is constructed. 

I is called the index-glass, H the horizon-fflass, L Y the linib, and 
a telescope T is attached to the instrument, to enable the observer to 
mark the contact of the objects observed with greater exactness* 

In taking altitudes at sea, the instrument is held in a vertical posi- 
tion by means of a handle attached to the back, and then (fig. 14) h 
representing the horizon, and S any celestial object, the arc Y Y' will 
give the altitude of the object above the sea horizon. 

On shore an artificial horizon is used, consisting of a small 
rectangular trough, filled with liquid, generally mercury, and then the 
angular distance between the object and its image in the mercury is 
observed, which is double the angle between the visual ray wmch 
comes from the object, and the horizontal surface of the mercury, 
and therefore double the altitude of the object. 

The telescope is furnished with a screw to regulate its distance 
from the plane of the sextant, and to direct it more or less towards 
the silvered or unsilvered part of the horizon-glass, and thus to render 
the object which is seen directly through the clear portion, and the 
image reflected from the silvered portion, equally distinct. 

The adjustments of the instruments are, to make all the mirrors 
perpendiculary and the axis of the telescope ^araZ/e? to the plane of 
the instrument. 

There are various screws for making these adjustments, the method 
of doing which, as well as of using the instruments, will be best 
learned by practice, under the direction of a skilful teacher; but the 
following directions for making the requisite adjustments may be 
found useful. 
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The frame "which holds the index-glass is fiastened to the index by 
means of two screws behind it; and behind these is an adjusting 
screw. Having placed the index about the middle of the limb^ as 
V I (see fig. 15) is placed, turn the fece of the instmment np- 
wards, and look obUquely into the glass ; and if the image of V V 
appears on a level witn V V itself, as seen by the eye, the index-glass 
is perpendicular to the plane of the instrument ; but if the image ap- 
pears lower than V V tighten the adjusting screw ; if higher, slacken 
the adjusting screw till the Umb V V' and its image, seen by reflec- 
tion in the glass, appear one continued plane. 

To make the horizon-glass perpendicular to the plane of the 
instrument : — 

This adjustment is made in some instruments by means of a screw 
passing through the frame, and in others by a screw behind, turned 
by a key, or a small capstan-pin, which is put into a hole in tiie head 
of the screw. 

When the instrument is furnished with a telescope, the adjustment 
is generally made thus : screw a dark glass on the end of the tele- 
scope, and looking at the sun, make the two images pass over each 
other, and if they do not exactly cover each other in passing, turn 
the screw for the perpendicular adjustment of the horizon-glafls tiU 
they do so. The adjustment may be made with equal readiness by 
means of the moon or a star, without the use of the dark glass. 

To make the axis of the sextant telescope, when it is an inverting 
one, parallel to the plane of the instrument, turn the eye-piece of the 
telescope tiU two of the parallel wires in its focus appear parallel to 
the plane of the instrument ; and bring the sun and moon, the moon 
and a bright star, or two bright stars, being 90° or more distant from 
each other, in apparent contact, on the wire next the instrument ; in- 
stantly bring them to the other wire, on which, if they still appear in 
contact no adjustment is required ; if they separate, slaeken the screw 
furthest from the instrument, in the ring which holds the telescope, 
and tighten the other ; and vice versa if they overlap. On -a few repe- 
titions this adjustment may be made perfect, and it is not very liable 
to alter. 

To find the index-error, move the index till the horizon, or any dis- 
tant object, coincides with its image, and the distance of o on the 
index from o on the limb is the index-error ; subtractive when o on 
the index is to the left, and additive when it is to the right of o on 
the limb. 

Or, move the index forward till the sun and its image appear to 
touch at the edges, and the difference between the reading on the 
Umb and the sun's known diameter at the time is the index error ; 
subtractive when the reading is the greater, and additive when it is 
the less. 

Or, in the same maimer, make the images touch at the edges, 
above and below, and when the readings are one right and the other 
left of zero on the limb, half their difference is the index-errOr \ but 
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when they are both right or both left of zero, half their sum is the 
index-error ; subtractiye when the greater reading is left, and additive 
when it is right of zero. 

When the readings are on different sides of zero, one-fourth of 
their sum, but when they are on the same side of zero, one-fourth of 
their difference is the sun's semidiameter. 



USE OP THE OHEONOMETEE. 

1. The chronometer, or time-keeper, is a superior kind of watch, 
the value of which, as an instrument to be employed by a navigator, 
depends upon the v/aiformity of its performance. Delicate contriv- 
ances have been adopted in its construction to compensate for the 
effect of changes of temperature, which seriously interfere with the 
going of ordinary watches. It is of great importance to know what 
we have to expect from this instrument, what it can, and what it 
cannot do — ^to what errors its indications are liable, and how to 
determine and allow for them. 

2. Let us first suppose a chronometer to show correctly mean time 
at Greenvrich, and to continue to do so, the hour hand returning to 
XII. exactly at mean noon. Wherever this instrument is carried, it 
will show ureenwich mean time, and at any place on the meridian of 
Greenwich it will show the mean time at that placa If it be taken 
to a place east of Greenwich, then, as it is noon at that place before 
it is noon at Greenvrich, the chronometer will be behind the mean 
time of that 'place, or it will be dow^ and the difference between the 
time indicated by the chronometer and the actual mean time at that 
place will be equal to the longitude of the place reduced to tima If 
the chronometer be taken to a place west of Greenwich, the time 
which it vrill indicate, and which is supposed to be the true mean time 
at Greenwich, will now exceed the mean time of the place arrived at, 
or will be fast for that place, the difference beings as before, the 
longitude in time. 

3. But it can rarely happen that a chronometer shows exactly the 
mean time at Greenwich, and, therefore, it is necessary to know how 
much it differs from that time ; and this error being known, we shall 
be able at any time or place to state the actual Greenwich date, by 
adding the error to the time indicated by the chronometer, if it be too 
slow, and subtracting the error if the chronometer be &st on Green- 
wich mean time. 

4. Now, as in general such an error will exist in any given chrono- 
meter, so it is also true that this error is perpetuau^r changing in 
amount, and the best that can be expected of the best instrument is, 
that the daily change of its error, which is called the rate, is steady 
in amount : so that the known error at a given epoch may itself be 
corrected for the change in it which day aft^ day the rate produces. 
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5. For example, suppose the error of a chronometer for Greenwich 
mean time on Jnne 12th, at noon, to have been i h. 27 m. 25 s. slow, 
and its daUy rate 7 ' 5 s. gaining, and that it is required to find its 
error on June 21st, at noon. Here, as 9 days have elapsed, it will 
have gained 9 times the daily rate, or 67- 5 s., — that is, i m. 7* 5 s., 
— its error, which was slow, will therefore have been diminished, and 
at noon, on Jnne 21st, it will be i h. 26 m. 17* 5 s. slow on Green- 
wich mean time. 

In precisely the same manner, if the error for a given place, and 
at any given epoch, and also the rate be known, the error for time 
at that place can be found from the chronometer wherever we may 
happen to be, always provided the rate be uniform. 

6. A frequent source of embarrassment in interpreting the indica- 
tions of a chronometer arises from the division of its face into twelve, 
instead of twenty-four parts, so that the same positions of the pointers 
represent two periods of the day twelve hours distant. Thus, at 4 
hours past noon, and again at 16 hours past noon, the hands are in 
the same places ; and it is necessary to distinguish whether the time 
should be read as 4 or 16 hours, 5 or 17, 6 or 18 past noon, and so 
on. Having applied the corrections for error and rate, the day of 
the month and the hours must be checked thus : — To the approximate 
astronomical date, at the place of observation, add the longitude in 
time if west, or subtract if east, and the result is the Greenwich date 
nearly, and this in the worst circumstances can hardly be an hour 
wrong. 

For example, suppose that at 7 a.m. nearly on June i6th, in lon- 
gitude 45*^ east, the corrected chronometer time is 4 h. 24 m. 36 s., 
what is tiie correct Greenwich date ? 

d. h. m. 
Astronomical date at place, • . June 15 19 o 
Longitude in time (subtract) . . 30 

Greenwich date nearly .... June 15 16 o 

Thus we see that the 4 hours of the chronometer must be reckoned 
as 16, and that the Greenwich rate is June 1 5 d. 16 h. 24 m. 36 s. 

Again, if the longitude be 34° 16' E, on June 25th, about 6 h. 40 m. 
P.M., and a chronometer time, read and corrected, be 4 h. 21 m. 50 s., 
what is the Greenwich date ? 



Date at Place .... 
Long, in time (subtract) . 


d. h. m. 
. . June 25 6 40 


Greenwich date nearly . . 


. . June 25 4 23 



Here the 4 hours indicated by the chronometer are 4, and not 16, 
past noon, and the Greenwich date is June 25th, 4 h. 21 m. 50 s. 
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7. Intervals of iime, — Having thns shown how a correct Greenwich 
date is to be fonnd from the time indicated by a chronometer, its 
error and its rate, it is next to be remarked that there is another 
distinct and important nse for which chronometers serve, that of 
furnishing correct intervals of time. 

K a chronometer shows seven hours when it ought to show four, 
and nine hours when it ought to show six, as the interval between 
seven and nine is precisely the same as between four and six, it is 
evident that the error of the chronometer does not affect the intervals 
of time. 

But on account of the rate^ a chronometer which is three hours fast 
at four will be more than three hours fast at six, if it be gaining, 
and less than three hours fast, if it be losing, by just so much of its 
daily rate as is accumulated in the interval of two hours, that is, by 
the twelfth part of the daily rate ; and therefore the interval shown 
by the chronometer must be increased by the proportional part of the 
daily rate due to the intervaf when the chronometer is losing, or 
diminished by that amount when the chronometer is gaining, when- 
ever the exact interval of mean solar time is required. 

Example, — If between two observations the chronometer exhibits a 
change of time, or an interval of 3 h. 25 m. 45 * 6 s., and the daily rate 
of the chronometer be 12 s. gaining, required the interval of mean 
solar time. 

Here dividing 12 s. by 24, the hourly rate is found to be '5 s., 
and this multiplied by 3*43, the hours, &c., in the interval, gives 
I '71 s. to subtract, and the work stands thus : — 

h. m. 8. 

Interval by chronometer 3 25 45*6 

Cor. for rate -i'7 

Interral of mean time . . . . . 3 ^5 43*9 

8. It has already been shown (p. 74) how to reduce an interval of 
mean solar time into the corresponding interval of sidereal time, by 
means of the " Table of Time Equivalents " in the " Nautical Almanac ;" 
and here we have the method of securing the exact interval of mean 
solar time, to which the rules there given apply. 

9. It is sometimes necessary to find the interval of apparent time 
which has elapsed between two observations of the sun. The interval- 
of mean time must first be found by correcting that which the 
chronometer gives in the manner shown above ; 

10. And then the change in the equation of time due to the elapsed 
time must be calculated by multiplying the " Diff. in i hour " (from 

Eage I. of the month in the " Nautical Almanac ") by the interval in 
ours ; this product is the correction of the mean solar interval to 
reduce it to the corresponding interval of apparent solar time. 

11. The correction is to be added to the interval of mean time 
when the equation of time is additive to mean time and increasing^ or 
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when it is svhtraeted and decreasing; and it is to be mbtracied when 
the equation of time is additive and decreasing , or svhtractive and 
increasing. 

12. To see whether the equation of time is additive or svhtractive 
on mean time, you must look at the heading of the " Equatibn of 
Time" column, in page II. of the month in the "Nautical AJmanac." 

Ihample, — Let it be required to convert 4 h. 23 m. 13 s. of mean 
solar time into apparent solar time, supposing the time to be from 
about two hours before to two hours after apparent noon at Greenwich, 
on August i6th, 1855. 

4 h. 23 m. 13 s. reduced to hours is 4' 387, and by page I. for the 
month of August in the " Nautical Almanac," the " Diffi for i hour " 
in the equation of time is • 504 s. 

and -504 s. X 4' 387 = 2'2i a 

In page II. it is seen that the equation of time is to be subtracted 
from mean time, and a glance at the values in the column shows it to 
be decreasing. The correction 2*21 s. is, therefore, to be added 
to the interval of mean time, and the corresponding apparent time is 
4L 23m. IS'2I s. 

13. Once and again the learner is cautioned against confounding 
an interval of time with a moment of absolute time or a date. 

An interval is a portion of time elapsed between any two events 
whatever. But a date, or moment of absolute time, is indicated by 
the interval elapsed from a definite or standard event, such as the 
transit of the sun over the meridian, or of the mean sun or first point 
of Aries over the meridian. 

For example, it is essential to distmguish between the following 
questions. : — 

1. What sidereal time corresponds to 2 hours of mean solar 

time ? 

2. What is the sidereal time at 2 p.m. mean solar time? 

The first question relates to the difference between the length of 
the hours of mean solar time and of sidereal time, and the answer is 
that 2 h. of mean solar time are equivalent to 2h om. 19*71 s. of 
sidereal time ; and this is irrespective of any particular place or date. 

But in the second question the words " sidereal time " have a dif- 
ferent signification ; they mean here the time from sidereal noon or ' 
from the transit of the first point of Aries ; and the qu^tion may be 
read thus : — How many sidereal hours, &c., has the first point of 
Aries passed the meridian at two o'clock in the afternoon ? Or, what 
time diould a sidereal clock show at two in the afternoon? And 
even when thus interpreted the question does not admit of such a 
categorical answer as the precediug one. 



Digitized by LjOOQ IC 



96 NAUTICAL ASTRONOMY. 

The proper answer would be — That will depend on the time of 
year, on the relative positions of the mean snn and of the first point 
of Aries ; in other words, on the right ascension of the mean snn. It 
will depend also on the meaning we attach to 2 p.m., whether 2 p.m:. 
at Greenwich or at any other place ; and therefore before this ques- 
tion can be answered, the date mnst be completed, and a place or at 
least the longitude should be mentioned. 

For instance — 

At 2 P.M. mean time at the observatory of St. Petersburg on 
August loth, 1859, what is the sidereal time ? 



Date at St. Petersbnrg . . . Angost 10 
The longitude of St. Petersburg .... 


h. m. 8. 
200 
2 I 15*8 B 


Date at Greenwich .... August 9 

Bight asoension of the mean sun at noon at ' 
Greenwich on August 9, 1859 . . . / 
Increase in 33 h. 58 m. 44*2 8. . . . 


23 58 44-2 

h. m. B. 
9 I 55-i» 
3 56-35 


Right ascension at the given date . . . 
Mean time at St. Petersburg 


9 5 51-53 
200 


Sidereal time required 


II 5. $1*53 



That is, the sidereal clock should show 1 1 h. 5 m. 5 1 • 5 s. 

As a second example, let ns ask — 

1. What is the apparent time corresponding to 2 hours of 

mean solar time ? 

2. What is the apparent time at 2 hours p.m. mean solar 

time? 

The 2 hours in the first question are evidently an interval taken 
anywhere out of the day ; but in the second question the letters p.m. 
and the word ai both indicate that the 2 hours form a portion of a 
date, to which are wanting the year, the day, and the month, with the 
addition of which and a special locality an "instant of absolute time 
will be sufficiently specified. 

And for the answers to the questions — 

For the first it must be said that as the apparent solar days 
are unequal in length, and the mean solar days uniform, the 
question is incomplete without a Greenwich date, to enable us 
to find the relation between mean and apparent time. 

When the apparent solar day is shorter than the mean 
solar day there will be a correction to add to the 2 hours of 
mean solar time, and when the apparent solar day is longer 
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than the mean solar day, the correction will, of course, be sub- 
tracted in order to find the interval of apparent solar time : for 
the shorter the divisions of time are, the greater will be the 
number of them required to measure a given interval, and vice 
versa. 

When the equation of time at page II. of the Almanac is 
additive and increasing, or subtractive and decreasing, the appa- 
rent solar day is shorter than the mean solar day by as much as 
the change of the equation of time in 24 hours : but if the 
equation of time at page II. is additive and decreasing, or sub- 
tiactive and increasing, the apparent solar day is longer than the 
mean solar day by the change of the equation of time per day. 

And to convert a mean solar interval into an apparent solar 
interval, a proportional part of the daily change of the equation 
of time must be added to the mean solar interval in the first, 
and subtn^cted from it in the second case. 

And for the second question, it is not the change, but the 
total amount of the equation of time at the given date, which 
must be applied to the mean solar date to obtain the apparent 
solar date. 

In like manner to obtain a correct interval of mean time from 
a chronometer which is gaining or losing, the proper correction 
is a proportional part of the rate due to the length of .the in- 
terval. 

But to obtain an accurate date, the whole error must be 
applied. 

Questions. 

1. Eeduce 2 h. 25 m. 35 s. of mean solar time to its equivalent in 
apparent solar time, September 8, 1858. Difierence for i h. = 0*85 s. 

Ans. 2h. 25 m. 37 s. 

2. Beduce 3 h. 40 m. 5 5 s. of apparent solar time to its equivalent in 
mean solar time, June 14, 1858. Difference for i h. = 0-53 s. 

,Ans. 3h. 40 m. 57 s. 

3. The interval between two observations, shown by a chronometer 
which is gaining 7*5 seconds per day on mean time, is 4 h. 1 5 m. 10 s. ; 
required the correct interval of mean solar time ? 

Ans. 4 h. 15 m. 8-67 s. 

4. A correct sidereal clock shows 2h. lom. iss. between the 
transit of two stars, what is the corresponding interval of mean solar 
time ? Ans. 2 h. 9 m. 43'66i7 s. 

5. Show that 

An interval of mean eolar ti me ^ An apparent solar da y. 

The same interval in apparent solar time "" A mean solar day^ 

6. What time should a sidereal clock show at Paris, on April 18, 
1858, at 5 h. 12m. 27s. P.M. Greenwich mean time? Longitude of 
Paris Qh. 9 m. 20*63 s. E. Ans. 7 h. 7 m. S3'24s. 
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PBACTICAL EULES AND EXEKCISES IN 
NAUTICAL ASTRONOMY. 



To FIND THE LaTITUDB BY A MeEIDIAN AlTTTUBE OP THE SuN. 

1. Find the Greenwich date (apparent time) of the sun's 
transit. 

2. Take the sun's declination from the " Nautical Almanac " 
(page I. of the month), and correct it with the Greenwich date ; 
notice also if the declination be N or S. 

3. Correct the observed altitude for the index error, dip, 
re&action, semidiameter, and parallax, and subtract from 90^ 
to find the true zenith distance, and note whether the zenith be 

Nor S of the sun. 

4. The sum' or difference of the zenith distance and declina- 
tion is the latitude, according as they are of the same or different 
denominations : and the latitude is N or S as the greater is. 

Example.— On May 23rd, 1854, in longitude 73° E, the observed 
meridian altitude of me sun's lower limb was 59° 14' 30", the zenith 
north of the sun, index error + 2' 30", and the height of the eye 
above the sea 19 feet ; required the latitude ? 

The observation ytbs made when the sun was on the meridian, that 
is, at apparent noon ; the date, therefore, at the place^ of observation, 
is May 23rd, oh. om. os. 

But the meridian of the place of observation is 73° E of Greenwich, 
and therefore the sun is 73° E of the meridian of Greenwich, or, in 
time, 4h. 52 m. ; for 73° is equivalent to 4h. 52 m. 

It is therefore 4h. 5 2 m. before apparent noon of May 23rd, at 
Greenwich, and the Greenwich date will be found by subtracting 
4h. 52 m. from the time of apparent noon on May 23rd, thus : — 

d. h. m. 8. 
Apparent noon, May 33 o o o 
Longitude in time E 4 52 o 

Greenwich date, May 22 19 8 o 

With this date, the sun's declination must be taken from the 
"Nautical Almanac," where it will be found for apparent noon. 
May 22nd, in page I. for May. And in the adjoining column, headed 
Biff, in one hour, is found the change in one hour past noon. 
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But the Greenwich date shows that there are 19 h. Sm. past 
noon; or, reckoning in honrs and decimals, 19*133, and therefore, if 
we retain only two places of decimals, the diffl in one hour must be 
multiplied by 19* 13, to fjnd the change in that number of hours. 
And as the declination is increasing in May, the computed change 
must be added to the value of the declination at apparent noon. 

As a general rule, and for the sake of order, wnich is essential to 
correct calculation, it is recommended that the quantities to be cor- 
rected be written to the left, and the correction computed, immediately 
to the right of them, thus : — 

'^'iX^f^^i^r"') '° " ^-^ N Diff. in X hour . . . „-,j+ 

Correction • • • + 9 19*2 Hours past noon . . 19*13 

30 32 4'o 8769 

' 2923 

26307 
3923 



Semidiameter for May 23rd 1 5 ' 49 * 4" 5 5 9 ' 1 6 99 



= 9 19*17 



The observed altitude must now be corrected. 



Obsenredalt 59 i4 3° 

Index error + 2 30 

59 17 o 
Dip for 19 feet, Table L . . . , -.417 

59 " 43 
Be&action, Table m. - 34 

59 " 9 
Semidiameter ...»...+ 15 49*4 

59 27 58-4 
Parallax, Table IV. .... . +4 

True alt 59 28 2*4 

90°— True alt. = zenith distance . . . 30 31 57*6 N (see question.) 
Declination . . . . \ . . . 20 33 4*0 N 

Latitude 51 4 i * 6 N = sum (see rule.) 



The work should be compactly tabulated, as in the following ex- 
ample : — 



H 2 
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Example 2. — If on September 2nd, 1855, in longitude 55° E, the 
observed altitude of the Q be 85° 13' 20" (zenith north), index error 
— 2' 10", and the height of the eye 18 feet; required the latitude? 



For Greenwich Date. 


Longitude in Time. 


d. h. m. 

Sept. 300 

Longitude E . 3 40 


„ 
55 E 

22,0 

3 li. 40 m. 


Sept. 1 20 20 


Declination, Page I. 


Correction. 


On Sept. I . 8 24 38-0 N 
Correction • —18 28*4 


Diffi in I hour -54*52 
Hours past noon 20*33 


Declination. 8 6 9-6 N 


Product . . =18 28-4 







To correct the Altitude and find the Latitude. 


Observed alt 

Index error .... 

Dip for 18 feet . . - 

Befractlon. .... 

Semidiameter. . . . 

Parallax 


: : : : '1 


2 


20 
10 


. 85 


II 

.4 


10 
II 


85 

. . . . + 


6 

6 
15 


59 

5 

54 
SI 


85 
. . . . + 


22 


47 

I 


True alt 

Zenith distance . . . 
Declination .... 

Latitude 




. ... 85 


22 


48 


. . . . 4 37 

8.6 


12 N 
. 9-6N 


. . . . 12 


43 


2I-6N 









To FIND THE Latitude by the Meridian Altitude of a 
FIXED Star. 

EuLE. — The rule is the same as for the sun ; but such precision is 
not required in the Greenwich date, as the declinations of the stars 
change very little, and are given for every tenth day in the '* Nautical 
Almanac," nnder the heading " Apparent places of the principal fixed 
stars for the upper transit at Greenwich." 
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Example. — The olserved meridian altitude of a Pegasi was 
33° 20' 50" (zenith south of the star), on March 3i8t, 1854, index 
error of sextant i' 20" +, and height of the eye above the sea 20 
feet ; required the latitude ? 

"Nautical Almanac," page 477. 



DecUnatloD, April z. 


CJorrecUon to March 31. 


On April 1 . 14° 25' 2"N 


Difference for 10 days, • i 
Therefore in one day . 'oi 
The correction being very 

small, may be neglected in 

this case. 



Next, to correct the observed altitude. 



Observed altitude a Pegasi . . . . 33 20 50 

Index error + i 20 

33 22 10 

Dip (20 feet) - 4 24 

T> . .. ^^ ^7 46 

Refraction -* i 26 

True altitude 33 16 20 

Zenith distance 56 43 40 S 

Declination 14 25 2 N 

Latitude 42 18 38 S 



Examples fob Exeboise. 

1. On May 23rd, 1855, in long. 61° 55' E, the observed meridian 
altitude of the sun's lower limb was 59® 14' 22" (zenith north of the 
sun), index error — i' 54", height of the eye 16 feet; required the 
latitude ? 

Declination of the sun at apparent noon at Greenwich on 
May 22nd, 1855, 20° 19' 58-8" N, "Diff. in i hour "+ 29-43", and 
semidiameter 15' 50". Ans. 51° 5' 52" N. 

2. On May ist, 1855, in long. 47° 5' W, the observed meridian 
altitude of the sun's lower limb was 69° 30' 16" (zenith north of the 
sun), index error + 3' 33", height of the eye 14 feet; required the 
latitude ? 

Declination of the sun at apparent noon at Greenwich on May ist, 
1855, 14° 59' 27-0" N, "Diff. in i hour" -j- 45-23", and semidiameter 



IS' 54". 



Ans. 35° iG 5" N.^ 
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3. On March 9th, 1855, in long. 4° 10' E, the ohserved meridian 
altitude of the sun's upper limb was 32° 18' 50" (zenith south of the 
sun), index error + 55", height of the eye 16 feet; required the 
latitude ? 

Declination of the sun at apparent noon at Greenwich on 
March 8th, 1855, 4° 59' ir2" S, "JDifil in i hour" - 58-50", and 
semidiameter 16' 8". Ans. 62° 37' 45" S. 

4. On August 5th, 1855, in long. 44° 58' W, the observed meri- 
ditin altitude of the sun's lower 'limD was 26° 5' 47" (zenith south of 
the sun), index error + 2' 37", height of the eye 13 feet; required 
the latitude ? 

Declination of the sun at apparent noon at Greenwich on 
August 5th, 1855, 17° 5' 0-9" N, ''Diffi in i hour" -4074", and 
semidiameter 15' 48". Ans. 46° 38' 9" S. 

5. On July 26th, 185s, in long. 13° 11' W, the observed meridian 
altitude of the sun's upper limb was 16° 14' 34" (zenith south of the 
sun), index error 4- 3' 37", height of the eye 18 feet; required the 
latitude 7 

Declination of the sun at apparent noon at Greenwich on 
July 26th, 1855, 19° 31' 54-8" N, " Diff. in i hour" - 33-27", and 
semidiameter 15' 47". Ans. 54° 33' 27" S. 

6. On May 8th, 1855, in long. 105° 17' W, the observed meridian 
altitude of the sun's lower limb was 76" 3' 16" (zenith south of the 
sun), index error — i' 27", height of the eye lo feet ; required the 
latitude ? • 

DecUnation of the sun at apparent noon at Greenwich on May 8th, 
185s, 17° o' 38-2" N, "Diff. m I hour" + 40*58", and semidiameter 
15' 52". Ans. 3° 19' 46" N. 

7. On May 23rd, 1855, the observed meridian altitude of Antares 
was 55° 26' 17" (zenith south of the star), index error + i' if," 
height of the eye 1 3 feet ; required the latitude ? 

Declination of Antares on May 23rd, 26° 6 31-5" S. 

Ans. 60° 43' 12-5" S. 

8. On November 12th, 1855, the observed meridian altitude of 
Markab was 45° 48' 40" (zenith north of the star), index error — 47", 
height of the eye 9 feet ; required the latitude ? 

Declination of Markab on Nov. 12th, 14° 25' 53*8" N.* 

Ans. 58° 41' 54" N. 

9. On December nth, 1855, the observed meridian altitude of 
Capella was 8 1° 34' o" (zenith north of the star), index error + 2' 10", 
height of the eye 1 3 feet ; required the latitude ? 

Declination of Capella on Deo. nth, 45° 50' 53-8" N. 

Ans. 54° i8'26"N. 

10. On November 5th, 1855, the observed meridian altitude of 
Altair was 57° 2' 30" (zenith north of the star), index error - 2' ol\ 
height of the eye 18 feet ; required the latitude ? 

Declination of Altair on Nov. 5th, 8° 29' 27" N. 

Ans. 41° 33' 54" N. 

For additional exercises see p. 321, Exs. 1-13. f^ t 
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PBEPARATOBT PB0BLE1I8. 

Pbob. I. — To find the mean time, QreentviGh date, of the moon^s 
meridian passage on a given astronomical day in a given latitvde. 

1. Enter the " Nautical Almanac," page IV. of the month, 
with the given astronomical day, and take out the time opposite 
to it under the heading *' Meridian Passage;" also take the 
diflference between this time and the time on the following day if 
the longitude be west, or on the preceding day if the longitude 
be east ; this difference is the daily retardation. 

2. Find the correction for longitude and daily retardation by 
this formula : — 

Longitude in degrees x retardaUon in minute s ^ ^j^„.^^„ ^^ ^^„,^^ 

360 

3. Add the correction to the time of meridian passage at 
Greenwich when the given longitude is west, and subtract if it 
be east ; the sum or remainder is the mean time at the given 
meridian, corresponding to the moon's transit. 

4. Write the day of the month before the hours, minutes, &c., 
and add the longitude in time if west, or subtract it if east, and 
the result- is the mean time, Greenwich date, of the moon's meri- 
dian passage. 

Note. — If the civil day be given, and it bo evident from the " Nautical 
Almanac " that the meridian passage is past midnight on that day, 
the time in the '^ Nautical Almanac " on the preceding day must be 
taken.* 

Example, — Eequired the Greenwich date of the moon's meridian 
passage on May 6th, 1855, civU date, in longitude 63° W ? 

1. Entering the " Nautical Almanac " with May 6th, at page IV. of 
May, it is at once seen that the moon passes the meridian after mid- 
night on that day. The time must therefore be taken which stands 
opposite to May 5th : it is 15 h. 317 m. 

2. Thfe longitude being west, the difference between this time and the 
time on iYiQ following day is to be taken: this time is i6h, 33*6m., 
and the difference or retardation is i h. vgm. =''6i'9m. 

♦ Many persons add the retardation to the longitude in time, and apply the Bum, 
with the sign of the longitude, to the meridian passage of the moon. * 
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The work is then tabukted thus : — 



>'b Meridian Passage. 


Correction for Retardation. 


Longitude. 


d. h. m. 
May 5 15 3i'7 
Correction . . + io-8 

May 5 15 42-5 
Longitude . .+4 12 

May 5 19 54*5 


•" m. 
Eetardation . 61*9 
Longitude . 63 

1857 
3714 



Longitude . .63 

4 
6,0) 25,2 
Long, in time 4h. 12 m. 


6) 3899-7 

6,0) H9-9 

+ 10 '8 cor. 


/. Greenwich date (mean time), 1855, May 5th, 19 h. 54*5 m. 



Prob. 2. — To find the semidiameter and horizontal parallax of the 
moon for a. given Greenwich date (mean time), from the ^^ Nautical 
Almanac,'' page III. of each msnth. 

1. Take them from the "Nautical Almanac" for the noon or 
midnight next preceding the given date, and the change to the 
following midnight or noon. 

2. Eeduce the time past noon or midnight to hours and deci- 
mals ; multiply the change in 12 hours by the number of hours 
past noon or midnight, and divide by 12; the quotient is the 
correction. 

3. Add the correction to the values of the semidiameter and 
horizontal parallax which were taken out, when they are in- 
creasing, but subtract the correction when they are decreasing, 
and the result will be their values at the given Greenwich date. 

Example. — Eequired the moon's semidiameter and horizontal 
parallax, for the Greenwich date, 1855, M!ay Sth, 19 h. 54*5 m. 

Here, as the hours indicate that the time is past midnight, the semi- 
diameter and horizontal parallax must be taken out for midnight of 
May Sth, and they must be subtracted from the values on May 6th 
at noon, and the work stands thus : — 



Semidiameter 
at midnight 


Change Change 
In 13 honrs. in 12 hoars. 


Hor. Parallax 
at midnight 


16 4-1 
Correction +1-4 


+ 3"i +7"5 
7 * 9 hours past midnight 7 * 9 

189 675 
J47 525 

12) 16-59 12) 59-25 
1*38 . . Correction . 4*93 


58 51-2 

Correction +4-9 

58 56-1 
Eed.- 


Aug. + 


.-. Bemidifl 


iraeters Horizontal 


paral1ax=: 
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-j- 2*1 and -f- 7*5 &'i*6 the changes in the semidiameter and horizontal 
parallax between midnight, May 5th, and noon, May 6th ; and 7*9 
the number of hours past midnight of May 5th, according to the 
Greenwich date. 

The blanks marked '' Aug." and '' Bed." are for the augmentation 
and reduction from Tables Vlll. and Yll. : the final results should 
then be recorded in the places left for them below, the paraUaz being 
first reduced to seconds. 



Pbob. 3. — To take end the moon* 3 declination from the " Nautical 
Almanac " (j^ges V. to XII. of each m<mth\ with a given Oreen- 
ivich date. 

Note. — The right ascension and declination of the moon are given 
for every hour of every day, and also the change of the declination in 
lo minutes, under the heading " Difl!. Dec. for lom. :" therefore, 

1. Take out the declination for the given day and hour of the 
Greenwich date, together with the diff. for lo m. which stands 
opposite it. 

2. Convert the minutes and seconds of the date to minutes 
and decimals of a minute, and multiply this into the difference 
for lo m., and divide by lo : the quotient is the correction. 

3. Add the correction to the declination when the declination 
is increasing, or subtract when it is decreasing, and the result is 
the declination at the given Greenwich date. 

Example. — Eequired the moon's declination for the Greenwich 
date, 1855, May Sth, 19 h. 54*5 m. ? 



>' 


8 DecUnaUon. 


Correction. 


At 19 hours 
Correction . 


Ota ^ 

. . . 37 32 55-8 S 
... - i8*6 


Diff. for 10 m. . . 
Min. in date . , . 


. . - 3*42 


Correction . . . 


1710 
1368 
1710 


27 32 37'2S. 


10) 186-390 
. - i8-6 






Corrected declination . 


. . 27° 32' 3 7" S. 





Digitized by LjOOQ IC 



106 



NAUTICAL ASTRONOMY. 



To FIND THE Latitude bt the Mebidian ALTiruDE of the 

Moon. 

1. Find the Greenwich date (mean time) of the moon's meri- 
dian passage. (Prob. i.) 

2. Take &om the '^ Nautical Ahnanac " the semidiameter and 
horizontal parallax (pa^e I1I.)» correcting them as in Prob. 2. 

Add the augmentation to the semidiameter, and subtract the 
reduction from the horizontal parallax (Tables VIII. and VII.) ; 
reduce the horizontal parallax to seconds. 

3. Take out also the moon's declination, Prob. 3. 

4. C!orrect the observed altitude of the moon for index error, 
dip, refraction, and semidiameter, and so get the apparent alti- 
tude ; and this, subtracted from 90°, leaves the apparent zenith 
distance. 

5. Compute the parallax in altitude from this equation : — . 

Parallax in altitude = horizontal paraUax x sin apparent zenith distance. 

And subtract the parallax in altitude from the apparent zenith 
distance : the remainder is the true zenith distance. 

6. The latitude is the sum of the zenith distance and declina- 
tion when they are both north or both south, or their difference 
when one is north and the Other south ; and the latitude is of the 
same denomination as the greater. 

Example, — On March 30th, 1855, in longitude 29° 50' W, the 
observed meridian altitude of the moon's lower limb was 46° 23' 40" 
(the zenith north of the moon), index error + 3' 10", height of the 
eye above the sea 20 feet ; required the latitude ? 



> '8 Meridian Parage. 




LoDgltiide. 


d. h. m. 
March 30 10 20*1 
Correction , +3*45 

March 30 10 23*55 
Longitude • i 59*33 


Betardation , 41*6 
Longitude . 29*83 

1248 
3328 

3744 
832 


Longitude . 29 50 W 

4 


6,0) 11,9 20 
ih. 59m. 20 8. 


March 30 13 22*88 


29°5o' = 29°*83 




6) 1540*928 
6,0) 20,6-8 
3*45 cor. 




(i) .*. Greenwich date (mean time), 1855, Mar. 30, 12 h. 22*9 m. 
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Semidiameter 
at mldDlghu. 


Change Cihange. 
in 12 hours. la xi hoars. 


Hor. Pkrallax 
at mldoighU 


/ II 
14 54-2 
Correction +*i 


+ i'-7 +9-8 
' 38 Hours past midnight * 38 

216 784 
81 294 


54 35 'o 
+ •3 

- ^ 54 35-3 
Eed. , - 7'o 


14 54*3 
Aug. . + IO-3 


15 4*6 


12) I '026 12) 3*724 
•08 , Correction . . '31 


54 28-3 


(2) .-. Semidiameter, 15' 4* 6". Hor. parallax, 3 268 -3". 



j'sDedloaUoa. 


Oorrectiou. 


At 12 hours ... 12 o5o*3N 
Correction . . . -4 5i'2 


Diff. foriom 127*17 

Min. indate 22*9 


II 55 59-iN 


"4453 
25434 
25434 




10) 2912*193 




6,0) 29,1*22 




Correction .... -4' 51-2" 




. . . 11° 55' 59-^" N. 



To correct the observed Attitude, dkc. 



Altitude. 


Parallax. 


Index error . . . 

Dip (20 feet) . . . 

Ke&action . . . 

Semidiameter . . 

Apparent altitude . 

App. zenith dist. 
Parallax in altitude . 

True zenith diat. 
Djclihation . . . 

Latitude .... 


/ II 
46 23 40 

+ 3 10 

46 26 50 
-4 24 


Zenith distanoe, about . . 4^3 N 
Declination 12N 

Latitude, about , . . . 55 N 

Reduction of hor. ) 
parallax, Table VL, -7" 
applied above . . 


46 22 26 
-54 

46 21 32 
+ 15 4-6 

46 36 36*6 . 

43 23 23*4 
-37 17-3 

4246 6*1 N 
II 55 59*iN 


Apparent zenith distance . 43 2*3 
Red. of lat., Table VIL . . -11 

43 12 


43° 12' . . . sin 9-835403 
3268*3" . . log 3-514322 

6,0) 223,7*3 .... 3-349725 


5442 5-2N 


- 37' 17*3" parallax in altitude. 


(4)/ 


Latitude . . 


. . 54° 42' 5- 2" N. 
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Questions for Exercise. 

1. If on May 2Stli, 1855, at about /h. 10 m. p.m., in longitude 
134° 18' E, the observed meridian altitude of the moon's lower limb 
be 50° 10' 20", the zenith being south of the moon, the index error 
+ 2' 30", and the height of the eye 19 feet ; required the latitude ? 

Ans. Lat. 30°56'3i"S. 

2. If on July 3rd, 1855, at 3 h. 20 m. a.m. mean tune nearly, in 
longitude 54° 12' W, the observed double altitude of the moon's lower 
limb on the meridian be 45° 2' 10", the zenith being north of the 
moon, and the index error — 1'; required the latitude? 

Ans. Lat. 49° 14' 51" N. 

3. If on September 23rd, 1855, at 10 h. 10 m. p.m. mean time at 
place nearly, m longitude 1 3° 22' E, the observed meridian altitude 
of the moon's lower limb be 40° 3' 30", the zenith being- north of the 
moon, the index error + 2' 25", and the height of the eye 14 feet; 
required the latitude ? Ans. Lat. 33° 5 1' 1 1" N. 

4. If on December 20th, 1855, at 9h. 50 m. p.m. mean time at 
place nearly, in longitude 63'' 51' W, the observed meridian altitude 
of the moon's upper limb be 55° 2' 20", the zenith being south of the 
moon, the index error — 3' 10", and tibe height of the eve 11 feet ; 
required the latitude ? Ans. Lat. 12 18' 41" S. 

Elements taken from the ^^ Nautical Almanac'' for compviing the 
above qtiestions. 



Meridian passage at 
Greenwich. 


Retardation. 


Date. 


Declination. 


Change of 

Declination 

Iniom. 


d. h. m. 
May 25 7 33 
July 2 15 12-7 
Sept. 23 10 16 
Dec. 20 9 43*2 


4I-0 
53-8 
56*6 
54'5 


d. h. 

24 22 

2 18 

33 9 
20 14 


8 10 i6'-9 N. 

17 17 48-5 8- 
15 9 41*1 S. 
22 27 20-6 N. 


-134-15 
-136-75 
-151-78 

+ 97-72 


Date. 


Semidiameter. 


Hor. Parallax. 


Cihange in 12 hoars. 


S. D. 


H.P. 


d. h. 
May . . 24 12 
July . . 2 12 
Sept. . . 23 00 
Dec . . 20 12 


14 54*6 
16 30-6 
16 35-7 

15 44-9 


54 36*8 
60 28-1 
60 46-9 
57 40*7 


+rx 

-2-9 
+ 2-7 

-r-8 


it 
+ 11-3 
-10-3 
+ 10 
-14 



For additional exercises see p. 322, Exs. i4-i7' 
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Prob. — To find the mean time at any place^ and aho the Greenwich 
msan tim^ of the passage of a star over a given meridian on a given 
day. 

First, approximately. 

EuLB I. Take the star's right ascension from the "Nautical 
Almanac," for the day nearest to the given date. 

2. Take the sidereal time from page II. of the month for the 
'given day. 

3. Svhtraet the sidereal time (which is the mean sun's right 
ascension) from the star s right ascension, increasing the latter by 
24 hours if necessary, and the remainder is the mean time (nearly) 
of the star's transit at the given meridian. 

4. Write the day of the month before the hours, &c., and add 
the longitude if west, or subtract it if east, and the sum or re- 
mainder is the Greenwich date of the meridian passage of the 
star (nearly). 

This will be suflScient, if the object of the calculation be only to 
prepare for taking the meridian altitude of the star. 

HmmpU I. — About what time will fi Tauri pass the meridian on 
August loth, 1855 (civil date)? 

h. m. 8. 

Biglit asoension of i3 Tauri on Aug. loth 5 17 8*46 

Sidereal time (or right ascemsion mean sun) . . . . 91336*19 

20 3 32-27 



or about Aug. loth 8 3 32 A.M. 
The Astronomical date is Aug. 9th, 20 h. 3 m. 328. 

Observe — the right ascension of the star is taken out of the " Nau- 
tical Almanac," 1855, at page 449, " Apparent places of the principal 
fixed stars,'' and not from the table of *' Mean places of 100 princi- 
pal fixed stars'' 

As the stars are tabulated in the order of their right ascensions, be- 
ginning at o h. and proceeding to 24 h., the right ascension in the 
table of " Mean places " may be used as an index to the table of 
" Apparent places/' to facilitate the finding of the stars in the latter 
table. 

Example 2. — About what time will the planet Saturn pass the 
meridian on February i8th, 1855 (astronomical date) ? 

h. " m. 8. 

Saturn's right ascension on February 1 8 th 43012*6 

Sidereal time or right ascension of mean sun . . . . 21 51 32 

February i8th 6 38 40*6 
.'. Time at place, February i8th, 6 h. 38 m. 40 s. 
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To FIND THE Latitude by the Altitude 07 the Sun on the 
Mebidian below the Pole. 

BuLE I . The apparent time at the place is midnight ; apply the 
longitude in time, addmg if W and subtracting if E, azid so get 
the apparent time Greenwich date. 

2. Take the snn's declination from page I. of the month, in 
the '* Nautical Almanac/' and correct it for the time past noon at 
Greenwich. 

3. Subtract the declination from 90^, for the co-dedination. 

4. Correct the sun's altitude and add to it the co-declination, 
. and the sum is the latitude, which is N or S as the declination is 

NorS. ... 

Example. — On June 2nd, 1855, in longitude 79° E, the altitude 
of the sun's lower limb on the meridian bdpw pole was io° 22' 30", 
index error — i' 10", height of the eye above the sea 2i feet; 
required the latitude ? 



Longitude In Time. 


For Greenwich date. 




Longitude 79 B 

4 

6,0) 31,6 
Longitude in time. . 5 h. i6 m. 


h. m. 
Date at place . . June 2nd 12 
Long, in time -5 16 

June 2nd 6 44 


.•, Greenwich date . . . • 


. 1855, June 2nd, 6 h. 44 m. 






Dedinatlon, Pagel. 


Correction. 


0*8 Deft. Jtme 2nd. 23 9 29-9 N 
Correction ... + 29-7 

22 II 39*6 


Difference for i h. * . . +19*27 
Hours past noon ... 6*73 

5781 

13489 
11562 

6,0) 12,9*6871 

Correction . . . . +2' 9*7" 


90°-Deo.=C5o-dec. 67 48 20-4 
Semidiameter • . . 15' 48 "i" 


.*. Go-declination at time of < 


Dbservation . 67° 48' 20*4". 
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To correct the Altitude and find the Latitude. 


Observed altitude . . . 
Index error ..... 

Dip. for 21 feet .... 

Eefraction . • ; . . 

Semidiameter .... 

Parallax in altitude . . 

Tnie altitude .... 
North Polar distance . . 

Latitude ...... 



. . TO 


22 30 
I 10 


10 


21 20 
4 3^ 


10 
lO 
lO 


16 49 

5 7 

II 42 
15 48-1 

27 30-I 
+ 9 


. . lo 27 39-1 

. . 67 48 20-4 

. . 78 15 59*5 N 



To FIND THE Latitude by the Altitude of a Stab on the 
Meeidian below the Pole. 

EuLE. — As for the sun ; but omitting the Greenwich dcUe, 
such precision in the time not being requisite, on account of the 
small change in the declination of the fixed stars. 

Example. — The observed altitude of ^ Centauri on the meridian 
below the south pole on May 7th, 1855, was 43° 18' 20", index 
error -4- 2' 10", and height of the eye above the sea 18 feet; required 
the latitude ? 



Declination jS Centanri. 


Correction. 


On May I st . . , 59 40 26*3 S 
+ 1-6 


10 days' difference . . 
6 days' difference . . 


u 

. +2-7 

6 ~ 

10) 16 -2 

. . 1-62 


59 40 27-9 


South Polar Distance 30 19 32* i 


South Polar Distance 


. . . 30° 19' 32-1". 
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To correct the AlUtude and find the Latitade. 


Observed altitude . . . 
Index error 

Dip for i8 feet .... 

Refraction 

True altitude 

South Polar distance . . 

Latitade 


O 1 It 

. , 43 i8 20 

. . + 2 lO 

43 20 30 
. . - 4 II 


43 16 19 
. . - I 


. . 43 15 19 
. . 30 19 32-1 

. . 73 34 51-iB 



Questions fob Exebgise. 

1. July 1st, 1855, longitude 59° 13' E, the observed altitude of 
the sun's lower limb (artificial horizon) on the meridian below the 
pole, 18° 33' 10", index error + i' 50"; required the latitude? 

The suns decHnation at apparent noon July ist, 1855, 23° 9' 8*4" N, 
diflf. for I hour - 10-22", and semidiameter 15' 46". 

Ans. Lat. 76° 20' 00" N. 

2. December 12th, 1855, longitude 101° 20' E, the observed alti- 
tude of the sun's upper limb (artificial horizon) on the meridian below 
thepole, 20° ro' 14 , index error — i' 10"; required the latitude? 

The sun's declination at apparent noon December 12th, 1855, 
23° 4 457" S, diffi for i hour -j- 10-96", and semidiameter 16' 17". 

Ans. Lat. 76° 37' 28" S. 

3. March 8th, 1855, the observed altitude of a UrsaB Majoris on 
the meridian below the pole, 45° 18' 29", index error + 2' 10", height 
of the eye 1 5 feet ; required the latitude ? 

Declination of a Ursae Majoris 62° 31' 57" N. 

Ans. Lat. 72° 43' 54" N. 

4. August 23rd, 1855, the observed altitude of v Draconis (arti- 
ficial horizon) on the meridian below the pole, 48° 30' 18", index 
error -j- 2' 10"; required the latitude? 

Declination of 17 Draconis 61° 50' 46" N. 

Ans. Lat. 52° 23' 22" N. 

For additional exercises see p. 322, Exs. 18-23. 
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To FIND THE Latitude by the AiiTiTUDE op the Moon on the 
Meridian below the Pole. 

EuLB I. Find the Greenwich date. 

2. Take the horizontal parallax and semidiameter from the 
"Nautical Almanac," as du-ected in the rules for "Meridian 
Altitude." 

3. Take the declination from the "Nautical Almanac," and 
subtract it from 90°. 

4. Correct the aljiitude and add to it the co-declination, and 
the sum is the latitude. 

I. To find the Greemmh date. 

EuLB a. Take out the time of the preceding meridian passage 
and the retardation as before directed. 

K Add to this 12 hours, and half the retardation between this 
passage and the following one. 

c. Add the longitude in time when west, or subtract when it 
is east, and the Oreenwich date is found. 

Having found the Greenwich date ; the declination, semidiameter, 
and horizontal parallax are taken out in the same manner as for the 
moon's meridian altitude. The altitude is then corrected, and the 
polar distance is added to the corrected altitude. (Eule 4.) 

The elevation of the pole above the horizon is equal to the latitude 
of the place of observation, and therefore no object can be seen 
between the pole and horizon, whose polar distance exceeds the 
latitude. 

The polar distance of the sun at the time of the summer solstice, 
when it is least, is about 66 J°, and that of the moon a little less ; 
these bodies therefore can be seen on the meridian below pole only in 
the Arctic regions. 



To riND the Latitude by the Altitude op the Pole-Star. 

The principle upon which this method depends is, that the altitude 
of the pole equals the latitude of the place of observation. 

The pole-star is situate within about 1^° of the north pole, and is 
carried by the daily rotation of the heavens alternately above and 
below the pole. When the star is on the meridian above the pole, 
the latitude may be found by subtracting the polar distance of the 
star from its true altitude ; and when the star is on the meridian 
below the pole, by adding the polar distance to the true altitude. 

The pokr distance is the greatest difference between the true 
altitude of the star and the latitude of the place, and the difference 
or correction of the star's aUitvde varies with the star's distance 
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from the meridian, between the limits +p and -- p,i£ p be allowed 
to represent the polar distance. 

The method of working this problem by means of certain special 
Tables is shown in the "Explanation" which is appended to the 
" Nautical Almanac." 

There is, however, some trouble in interpolating between the quan- 
tities given in the special Tables before so exact a result can be 
obtained as in the Example usually given in the " Nautical Almanac ;" 
and it may be feirly questioned whether it be not as easy to compute 
the requisite corrections as to take them from these Tables. 

Without the Tables the method is as follows : — 

BuLE I. Find the mean time at the place of observation, and 
also the mean Greenwich date. 

2. Take out the right ascension of the mean sun, as in 
Prob. 4 (p. yS), and also the right ascension of Polaris. 

3. To the mean sun's right ascension add the mean time at 
the place, and from the sum (which is the sidereal time or right 
ascension of the meridian) subtract the right ascension of Ihe 
star, previously adding mentally 24 hours, if necessary, and the 
remainder is the westeriy meri&m distance of the star. 

4. Eeduce the meridian distance to arc, call it A, and compute 
the first correction from this formula : — 

Polar distance of the »tar in seconds xcosh — correction in seconds 
or p , cosh = cor. 

5. If the westerly meridian distance be between 6 hours and 
18 hours the star is below the pole, and the first correction will 
be additive, otherwise it is subtractive. 

6. For the second correction, which is always additive, the 
formula is — 

i sin i" X tan altitude x ip . sin hy. 
The logarithm of I tin i" = 4- 384545 

Example, — On March 6th, 1855, at 8h. 2Sm. 32s. p.m., in longi- 
tude 130° W, the observed altitude of Polaris is 37° 30' 18"; index 
error — i' 13", height of the eye 18 feet; required the latitude? 



Greenwich date. 


Longitade. 


cL 
Date at place Mar. 6 . 
Long, in time . . . 

Greenwich date Mar. 6 


h. m. 8. 
. 8 25 32 
.+8 40 


Long. . . . . 130W 
4 

6,0) 52,0 
Long, in time . , 8 h. 40 m. s. 


.17 5 32 


Greenwich date . 




1855, March 6th, 17 h. 5 m. 32 s. - 
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With this, the right ascension of the mean sun must be taken out 
from the '^Nauticed Almanac," and also the right ascension and 
declination of the pole-star. 



From " Nantical Almanac." 



Right ABoenalon of Mean Son. page n. 



Right AsoensloQ and Declination of Polaris. 



March 6th . 
Accel, for 


17 h.' : 

5 m. . 


h. m. 8. 
22 54 36-84 
• 2 47-56 

0-82 


1 


32 8.. 


0-09 


E. A. of me 


an sun 


22 57 25-31 



R.A. 



h. m. 8. 
I 5 30*55 



Dec 88 32 22 • 2 N 



N.P. D. . . . I 27 37-8 
87 37-8 



Polar diet, in seconds 5 2 5 7" * 8 = |) 



Bight Ascension of Mean Sun 22 h. 57 m. 25-31 B.,p = 525 7"- 8. 



Next, the meridian distance, or A, is to be computed, for which the 
formula is — 

Mean time + mean 0*8 R, A. — star^B B, A,=: »*« westerly meridian didartce. 



To find the Hour Angle 


or Westerly Meridian Distance. 






Mean time at place of observation 
Sight ascension of mean sun . • 






h. m. 
. . 8 2< 


B. 
32 
25-31 

57-3X 
30-55 






. +22 57 

. . 7 22 
. I ? 


(24 hours rejected) siderenl time, or 
Bight ascension of Polaris. . . 


B. A. of meridian 


Westerly meridian distance . . 


. • k • 






6 17 
60 

4) 377 
. A = 94° 


26- 

26 
21 


76 

76 
^9 


h is more than 6 hours, therefore the first cor 


will be + (i?u2e 5). 





We may now proceed to compute the corrections and apply them 
to the altitude. The formula for the first correction ib p.cos h, and it 
may be noticed that when, as in this case, h exceeds 90"^, its cosine 
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cannot be obtained directly from Table XIV., and whenever such 
cases occur — 

(a.) Take the difference between h and i8o or 360 degrees, 
whichever will leave the remainder less than 90°, and take out the 
cosine of the remainder ; or, 

(ft.) Take the difference between h and 90 or 270 degrees, which- 
ever will leave the remainder less than 90*^, and take out the sine of 
the remainder. 



istCJor. =i>oobA. 


Altitude, &c. 


p-S2S^. . . . log 3*720821 
fc 94° 22' . . . .cos 8-881607 

6,0) 40^0*4 .... 2*602428 

+6' 40" '4 ist correction. 


Obs. Alt 

Index error .... 

Dip 

Refraction .... 

ist correction. . . . 
Latitude (nearly) . . 


1 II 

37 30 18 

-I 13 


37 29 5 
-4 II 


37 24 54 
-I 14 

37 23 40 
+6 40-4 

37 30 20-4 







The second correction is to be computed from the formula. 

^ sin 1" . tan alt {p . sin hy, log } sin 1" being 4*384545. 



ind Correction always +. 


Latitude. 


p log 3*720821 

h sin 9*998738 


Latitude (nearly) . ♦ 37 30 20*4 
2nd correction . . . +50*9 


3*719559 

2 


37 31 11*3 


Latitude 37^31' n"-3 


Cp.8infe)3 7-439118 

Constant 4*384545 

Alt. 37° 24'. . . tan 9-883410 


50*9 1*707073 




2nd Correction + 50-9" 





The two corrections being in this case both additive, their sum 
7' 3 1 "'3 is the total difference between the true altitude of the star 
and the latitude of the place. The value of the second correction 
may amount to 3 minutes. 

The following modification of the formula for the second correction 
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will be found oonyenient. The polar distanoe and the first correction, 
which are denoted hj p and c, are here reckoned in minutes : — 

«b{ (P+c) . (i)-c).tanalt. } 

j9 in minutes 87*6 

I oor. in minutes .... 6*7 

Sum 94'3 log 1*9745 

Diff. 80-9 log I '9079 

Tan alt 9'8834 



-I' 



583* 3-7658 

58-32 

= + 51*03 = second correction in seconds. 



Questions for Exeroisb. 

1. January 4th, 1855, at 5h. 35 m. 42s. a.m. mean time at 
place, longitude 144° 20' E, the observed altitude of the pole-star 
43° 12' 20", index error — i' 53", height of the eye 27 feet; required 
the latitude ? 

The star's declination 88° 32' 28"*6 N, and right ascension 
ih. 6 m. 16*28 s.; and the sidereal time at Greenwich mean noon 
January 3rd, i8h. 50 m. 10*36 s. Ans. 44° 30' 36" N. 

2. June 12th, 1855, at gh. 31 m. 40s. p.m. mean time at place, 
longitude 29° if 30" W, the obserred altitude of Polaris 49° 18' 50", 
index error -f- 4S", height of the eye 20 feet ; required the latitude ? 

The declination of the star 88"^ 31' 58"*8 N, right ascension 
I h. 5 m. 56*62 s. ; and the sidereal time at Greenwich mean noon 
June 12th, 5 h. 20 m. 59 s. Ans. 50° 32' $$"-4 N. 

3. September 19th, 1855, at 4h. iSm. 25 s. a.m. mean time at 
place, longitude 155° 30' W, the observed altitude of Polaris 
56"^ 28' 45", index error — 3' if, height of the eye 16 feet; required 
the latitude ? 

The declination of the star 88° 32' 17^*4 N, right ascension 
ih. 7 m. S74S., and the sidereal time at Greenwich mean noon 
Sept. 19th, II h. Sim. 18*37 s. Ans. 55° 19' 46" N. 

4. November Sth, 1855, at 8h. 26 m* iss. p.m. mean time at 
place, longitude 16° 11' W, the observed altitude of the pole-star 
38° 29' 3q", index error + 2' 10", height of the eye 19 feet ; required 
the latitude ? 

The declination of the star 88° 32' 35*5" N, right ascension 
I h. 7 m. 7*27 s., and the sidereal time at Greenwich mean noon 
Nov. Sth, i4h. s6m. 36*42 s. Ans. 37°/ 35"7'N. 
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5. August Qth, 1855, at 10 h. 44 m. 40 s. p.m. mean time at 
place, longitude 10° 43' E, the observed double altitude of Polaris 
100° 22' 15", index error — i' 28"; required the latitude? 

The star's declination 88° 32' 4"-6 N, right ascension i h. 6 m. 43*82 s., 
and the sidereal time at Greenwich mean noon August 9th, 
9 h. 9 m. 39-63 s. ' Ans. 49° 52' 6' N. 

For additional cxercides see p. 323, Exs. 2^-28. 



Method of finding the Latitude by Altitttdes of the Sun 

WHEN IT IS NEAR THE MeRTDIAN. 

The altitudes are to be taken when the sun is within about 
20 minutes of its meridian passage, either before or after. 

The altitudes will generally change slowly, and therefore may be 
taken deliberately and carefully. 

In observing the sun, the upper and lower limbs may be observed 
alternately, so that an equal number of altitudes of both limbs be 
taken. The time must be taken by a chronometer, whose error is 
known. 

The error of the chronometer for apparent time y^i the place of 
observation, should be determined from observations taken on the 
same morning ; and from this error the time which the chronometer 
will show at noon may be directly inferred* 

And then the method is as follows : — 

1. Take the mean of the times, and thence deduce the corre- 
sponding Greenwich date,. Take also the mean of the observed 
altitudes. 

2. Find the sun*s dechnation from the "Nautical Almanac," for the 
Greenwich date* 

3. Find the time the chronometer shows when the sun is on the 
meridian. 

4. Take the differences between this time and each of the times 
shown by the chronometer when the observations were taken, and 
these differences are the Kour angles or meridian distances of the sun. 

5. With these hour angles, enter Table XL, and take out the 
numbers which correspond to them; and take the mean of those 
numbers ; call the quotient N. 

6. Compute the " Reduction" from this 'formula: — 

JBed". = cos, lat X COS. dedin, x cosee. (tner*. zen, dist.) x N* 

7. Correct the mean of the altitudes, find the zenith distance, and 
subtract the " Eeduction " from it, when the sun is observed at his 
upper transit, but add it when he is observed below the pole. 

8. The sum of this corrected zenith distance and the declination 
found as directed in (2) is the latitude, when the declination and zenith 
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distances are both N or both S, otherwise the latitude is the difierenee 
between them, and is always of the same denomination as the greater. 
In strictness, the honr angles should be expressed in apparent time, 
but this is unnecessary, for the difference can never exceed half a 
second when the time is so expressed. 

Example. — If on July 12th, 1855, in latitude by account 12° S, 
longitude 1 50° E, the following observations of the sun's lower limb 
were taken, with an artificial horizon, the index error of the sextant 
being — 55", and the chronometer slow on Greenwich mean time 
5 h. 8 m. 20 s., and slow for apparent time at the place of observation 
3 h. 3 m. 10*6 s. ; required the latitude ? 



Ghnmometer. 


Sextant 


h. m. 8. 

9 I 42 

4 25 

4 50 

5 II 

i ^^ 

6 
623 

6 49 

7 18 


1 II 
III 22 50 
20 40 
19 
18 40 
18 
16 50 
16 
14 40 
14 10 


9) 48 II 

9 5 21*2 mei 


9) t6o 50 
sins III 17 52*2 





To find the apparent Greenwich time when the sun is on the 
meridian of the place of observation : — 



Noon — sun on meridian 

Longitude 150° E, in time 

Greenwich date of transit (aj^wirent time) . 


d. h. m. 
. July 12 
. . . 10 


. A 


. July II 14 . 



To find the Greenwich date corresponding to the mean of the 
observations : — 



h. m. 8. 

Mean of the times by chronometer 9 5 21*2 

Error of the chronometer for G. M. T. slow . . . 5 8 20 

Greenwich date (mean time) . . . . July nth 14 13 41-2 . 


. B 
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Jolj I ith is written before the honrs, &o,, in aooordance with the 
Greenwich date of the transit determined above (A), independently 
of the chronometer. 

With the date A, the equation of time is taken oat from page I. of 
the " Nautical Almanac." 



Equation of Time, page I. 


Correctton. 


m. a. 

5 4*68 

+ 4-75 

+5 9-43 
+ to apparent time. 


Diflf. in I hour. . + '339 
Hours past noon . 14 


1356 
339 

Correction . . . + 4* 746 


.*. Equation of time at no 


on . . . + 5 m. 9*43 s. 



The declination is nojv to be found for the date B, from page II. of 
the month in the '^ Nautical Almanac." 



Declination, July 11th. fta 


Correction. 


At mean noon . 22 10 24-6 N 
Correction . . - 4 44* 7 




Diff. in I hour • • 20*05 
Hours past noon • . 14-2 


22 5 39-9 


4010 
8020 
2005 

6,0) 28,4*710 
Correction . . - 4 44' 7 




Declination at mean 


of the times, 22° 5' 39"-9N. 



What time the chronometer wiU show at noon must next be found. 



h. ni. 8. 

Time of noon •.•1200 

Chronometer slow on apparent time • • • • . 3 3 io*6 



The chronometer will show at noon 85649*4 
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The difference between this time, and each of the times shown by 
the chronometer when the altitudes were observed, must now be 
taken and with the remaining hour angles, * 

2 sm - 

2 

the corresponding values of • ,« are taken from Table XI. 



Chronometer. 


Hour Angles. 


Nob. 


Q'g Meridian Zenith Distance 
^ nearly. 


At noon 8 h. 56 m. 49 b. 


Table XI. 


h. m. s. 


m. 8. 






9 I 42 


4 53 


47 


/ Dec. + lat. = Z. D. 
\ lat. S and the dec. N 


4 25 


7 36 


113 


4 50 


8 I 


126 


Dec. noon 22° 6' N 


5 II 


8 22 


137 


Lat.(aoct.) 12 8 


5 33 


8 44 


150 




6 


9 " 


166 


Mer. Z.D. 34 6 


6 23 


9 34 


180 




6 49 


10 


196 




7 18 


10 29 


216 






Mean . 


9) 1331 


I 


. 147-9 = ^ 



Next, to compute the reduction, correct the altitude, and find the 
latitude: — 



Redaction. . . . R. 
R = Co8. L. Ooa. D. Coflec Z. D. X N. 


Altitude and Utitnde. 


* ^ 

Lat. . . 12 Cob 9*990404 

Dec. . . 22 6 Cos 9-966859 

M. Z. D. . 346 Cosec *25i3i7 

N. . .147*9 I^g 2*169968 


Obs. alt. ^ . . .Ill 17 52-2 
Index error ... -55 


2) III 16 57-2 


239-1 2-378548 
Red. . . 3' 59"- 1 


55 38 28*6 
Refraction ... -39 

55 37 49*6 
Semldiameter. . . -f- 15 46-2 




55 53 35'8- 
ParaUax .... +5*0 




55 53 40-8 
Reduction . , . +3 59'i 




Meridian alt itnde . 55 57 39 '9 




Meridian zenith dist. 34 2 20*1 S 
DecliDation . . . 22 5 39*9 N 




Latitude . • • . 11 56 40*28 
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The following example will iUustrate the method when 'dtars are 
observed: — 

Example 2. — On September 29th, 1854, at Greenwich, the fol- 
lowing observations were taken of Jupiter when he was near the 
meridian ; required the latitude ? 

The index error of the sextant being — 9"' 5, and the error of the 
chronometer for Greenwich mean time 2 m. 23*0 s. fast — 



Chronometer. 


Sextant. 


Sept. 29th 


h. m. 8. 

6 59 2 

7 17 

7 I 40*5 
7 2 29 
7 3 5 
7 4 20 
7 5 4'5 


1 II 
31 37 45 
38 15 
36 30 
34 10 
34 25 
33 50 
32 15 


7)15 58-0 

7 2 16-85 
En-or — 2 23 


7) 37 10 

31 35 18-6 
Index error —9*5 


. . . 6 59 53-85 


2) 31 35 9*1 
15 47 34-5 


Greenwich date, corresponding to mean of observations, 
1854, Sept. 29th, 6 h. 59 m. 53 '85 8. (mean time). 



To find the time by chronometer when Jupiter was on the meri- 
dian : — 

*'s right ascension — mean sun's right ascension = mean time. 

The time of Jupiter's transit might be found by the time of his 
meridian passage, given in the " Nautical Almanac " ta the nearest 
tenth of a minute. But the method below applies to all stars : — 



Mean Time of Transit (nearly). 


h. m. B. 

*'8 right ascension . 19 18 37*10 

Corr. = hourly diflf. x 7 lio«rs 3' 7« 


Hourly 


diff. *54 
7 


*'s right asoensipn at transit 191840*79 




3-78 


Mean 0*s right ascension at noon . . . . 12 31 40*95 






Mean time at place (nearly) 64659-84 






Or Sept. 29tii, 6 h. 46 m. 5 9 * 84 s. 
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As the observation ^was made at Greenwich, this is a Greenwich 
date, and with it the right ascension of the mean sun may be found 
more correctly. 



Right Ascension of Mean Sun. 



At noon, Sept. 29th 
Acceleration for 



C 6h. . 
] 46 m. 
I 59 8. 
I -848. 

Bight ascension of mean son 



h. m. 8. 

12 31 40-95 

59*14 

7*56 

•16 

•00 

12 32 47*81 



If the right ascension of the planet were changing rapidly, its right 
ascension should also be again corrected. As this is not the case, we 
may subtract the right ascension of the mean sun just deduced from 
the right ascension of the star found before, and the remainder will 
be the time of transit more correctly; and then the error of the 
chronometer being added, the result is what the chronometer showed 
at the time of the star's transit. 



4F'B R. A. ~ mean 0's R. A. rr Mean Time of Transit 


Jnpiter'8R.A 

Mean O's R.A 

Greenwich time of transit . . . 
Error of chronometer (fast) . . 

Chronometer shows at transit . . 


h. m. 8. 
. 19 18 40-79 
. 12 32 47-81 


. 6 45 52*98 
. + 2 23 


6 48 15*98 



Next the declination of the star. 



Declination. 


Correction. 


' 'i ~ 
22 42 56*08 

Correction . . — 6-3 


Hourly difference . . 
Correction .... 


• '9 
7 

. 6^ 


22 42 49*7 



We must now find the hour angles or meridian distances; and if 
the object were a fixed star these would be correctly expressed by the 
intervals shown by a sidereal clock between the time of each observa- 

Digitized by VjOOQ IC 



NAUTICAL ASTRONOMY. 



125 



tion and the star's transit over the meridian. These sidereal intervals 
may, however, be found from the mean solar intervals obtained from 
the chronometer : the time shown by the chronometer at the time of 
transit being fonnd as above, and the reductions to sidereal time 
being made by the " Tables of Time Equivalents," in the " Nautical 
Almanac." 

In the present example, the object being a planet, a further small 
correction on the sidereal intervals should be made for the change of 
the planet's right ascension, by subtracting a proportional part of the 
hourly change from the westerly meridian distances when the right 
ascension is increasing, and adding when it is decreasing. 

Jupiter's right ascension is changing only about '65 seconds per 
hour, and the largest hour angle is about i/m. ; and therefore, in 
this instance, this correction may be omitted. 





IMfferencea. 
M. Time. 


Hour 

Angles. 

Sid. Time. 


N08. 
Table XL 


Meridian zenith distance 
(nearly). 


h. m. 6. 
Transit . 6 48 16 


m. B. 
10 46 

12 I 

13 24-5 

14 13 
14 49 
t6 4 
16 48-5 


m- 8. 
10 48 
" 3 

13 27 

14 15 
14 51 
16 6 
16 51 


229 
285 
355 
399 
433 
509 

557 


t 

Dec. . . 22 43 S 
Lat. . . 51 29N 

M. Z. D. 74 12 


FirstObs. 6 59 ^ 
7 17 

1 40-5 

2 29 

3 5 

4 20 

5 4*5 


Mean . 


7)2767 


. 395*3 



To compute the reduction, correct the altitude, and find the 
latitude. 



B = oos L. coe D.cosec. M. Z. D. X N. 


Altitude, &c. 


/ 
Lat. . . 51 29 cos . 9*794308 
Dec. . . 22 43 cos . 9 '96493 1 


Altitude 
Refraction 

Parallax 

Reduction 
Mer. alt. 
Z.D. 


. . . 15 47 34*5 
..." 3 19 


M. Z. D. . 74 12 cosec . •016727 
N. . 395*3 log . 2-596927 

R. . 236*0 . . . 2*372893 
Reduction 3' 56*0" 


15 44 15-5 

. . . + I 


15 44 16*5 
. . •. + 3 56-0 

. . . 15 48 12*5 

• 74. II 4.7*5 8 


Dec. T 


. 22 42 49* 7 N 


Latitude 




. . . 51 28 57*8N 
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Examples for Practice. 

I. If on July I2th, 1855, in lat. by account 12° S, long. 150° E, 
the following observations were taken near noon on shore, with an 
artificial horizon, the index error of the sextant being — 55", and 
the error of chronometer for apparent time at the place of observation 
2 h. 23 m. 18 s. fast ; required!^ the latitude ? 



Chronometer. 


Sextant 


h. m. 8. 


^- 1 11' 


2 28 II 


III 22 50 


30 54 


20 40 


31 20 


19 


31 42 


18 40 


32 4 


18 



Declination of the sun at apparent noon July i ith, 22° 10' 22"'9 N, 
diffi in I hour — 2o"-os ; sun's semidiameter 15' 46"* 2. 

Ans. Lat. 11° 56' 34" S. 

2. If on September 3rd, 1855, in lat. by account 46° 40' N, 
long. 25° W, the foUowiug observations were taken near noon, with 
an artificial horizon, the index error of the sextant being -|- 42"' S, 
and the error of chronometer for apparent time at place of observa- 
tion 3 h. 12 m. 40 s. slow ; required the latitude ? 



Chronometer. 


Sextant 


h. m. B. 
8 49 38 
49 50 


1 II 

T5 102 25 20 
loi 21 


50 
50 16 


T5 102 24 40 
lOI 21 


50 35 
50 46 


TS 102 24 20 
loi 20 45 



Declination of the sun at apparent noon, Sept. 3rd, f 40' 53" N, 
diff. in I hour - SS"'i7; sun's semidiameter 15' 54". 

Ans. Lat. 46° 42' 56" N. 

For additional exercises see p. 323, Exs. 29-31, 
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Hour Angles — Meridian Distances — RiaHT Ascensions — 
Computations op Time — Error and Eate of Chronometer. 

Preparatory Rules. 

Let PA, Pm, Pa;, and PO represent the meridians of the first 
point of Aries, the mean sun, any other object x, and of the observer 
respectively. 

Fig. i6. 




\ 

1. Then since APm + mPO = APO, therefore 

Mean time + mean sun^s right ascension = right ascension of the meridian. 

.Hence, to find the right ascension of the meridian, add the 
mean sun's right ascension to the mean time at place. 

2. Again, since xVO = APO — APaj, therefore 

Tlie voesterly meridian distance of the object a; = R. A. of meridian — R.A. of object. 

Hence the hour angle, or meridian distance of any celestial 
object, is found by subtracting the object's right ascension from 
the right ascension of the meridian. 

If the object be east of meridian, as at x\ its right ascension A P a? 
exceeds the right ascension of the meridian, and 

OVx' = APa;'- APO, 

or the easterly meridian distance is found by subtracting the right 
ascension of the meridian from the right ascension of the star. 
The westerly meridian distance in this case is 

24h. - OPa;'= 24h. + AP0 - APaj', 

and therefore may be found by subtracting the object's right ascen- 
sion from the right ascecsion of the meridian increased by 24 hours. 

Hence the following general rule for finding the westerly meridian 
distance or hour angle : — 

Subtract the right ascension of the object from the right 
ascension of the meridian, increasing the latter, if necessary, by 
24 hours, and the remainder is the westerly meridian distance. 
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3. Again, since ajP04-APa5= APO, and 

mPO + APm = APO. 

Therefore to find the sidereal time or right ascension of the 
meridian, add the right ascension of any object to its westerly 
meridian distance, and the sum is the right ascension of the 
meridian or sidereal time; and the mean time at any place 
added to the right ascension of the mean son gives the sidereal 
time at that place. 

4. And because APO - APm = mPO. 

Therefore, snbtracting the mean sun's right ascension from 
the right ascension of the meridian (increased if necessary by 
24 hours), gives the mean sun's westerly meridian distance, or 
the mean time. 

The above rules serve for determining the meridian distance or 
hour angle of any object, the time being given, or the time when the 
meridian distance is known. 

The westerly meridian distance of the sun is the measure of ap- 
parent time. 

The westerly meridian distance of the mean sun is the measure of 
mean time. 

The westerly meridian distance of the first point of Aries is the 
measure of sidereal time. 



To Compute the mean or apparent Time at any Place from 

THE OBSERVED ALTITUDE OF A HeAVENLY BodY. 

A set of altitudes, not less than five, should be taken, and the 
corresponding times marked by a chronometer, the mean of the alti- 
tudes and the mean of the times must be found, and the calculation 
then proceeds as follows : — 

1. Find the Greenwich date expressed astronomically; this 
may be deduced firom the chronometer by applying its error for 
Greenwich time. Or it may be found from the time at the 
place and the longitude. 

2. If the object be the sun, take out from the "Nautical 
Almanac " its declination and the equation of time, and find the 
polar distance. 

3. If the object be a star, take out the right ascension and 
declination of the star, and also the mean dun's right ascension. 
Find also the star's polar distance. 
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4. The meridian distance or hour angle mnst then be com- 
puted from this formula : — 

Sin i hour Z = >/ (sec lat cosecpol, diet .cos 8. sin (8 — cdt), j 
Where 8 = ^ (altitude + latitude -{-polar distance). 

5. Convert the hour angle into time, and if the object be east 
of the meridian, subtract this hour angle from 24 hours, to find 
the westerly meridian distance. 

6. If the object be the sun, the westerly meridian distance is 
the apparent, time at the place of obserration, and may be con- 
verted into mean time by applying the equation of time. 

7. If the object be a star or planet, add its right ascension 
to the westerly meridian distance, and from the sum, which is the 
right ascension of the meridian, subtract the mean sun's right 
ascension, first adding 24 hours, if necessary, and the remainder 
is the mean time at the place. 

Example I. — On December 8th, 1855, at ph. om. am. mean 
time at the place of observation nearly, in latitude 32° 40' 18" S, 
longitude 152° E, when the chronometer showed loh. 46 m. 44*0 s., 
double the altitude of the sun's lower limb, taken with an artificial 
horizon, is 97° 49' 55", index error — o' 25"; required the error 
of the chronometer for mean time at the place of observation ? 



Greenwich Date. 


Longitude in Time. 


d. h. m. 
Date at place . December 7 3i 
Longitude E . . . . - 10 8 


„ 
152 E 

4 


December 7 10 52 


6,0) 60^8 

10 h. 8 m. 




Greenwich Date nearly, 1855, December 7th, 10 h. 52 m. 


Sun's Declination Page 11. 


Correction, Page I. 


December 7th . . 22 36 3" 6 S 
Correction . . . + 3 o*8 


Difference for I hour . . +16*63 
Hours past noon . . . 10*87 

11641 
13304 
1663. 

180-7681 

Correction . . . . -|- 3' o"-8 


22 39 4*4 


South polar distance 67 20 55*6 


1 South Polar Distance, 6 f 20' 5 6". 
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Equatton of Time, Page II. 



Ourrection, Page L 



Deoomber 7th 
Correction . 



m. a. 

8 27-77 
— 11*92 

8 15-85 



Difference for i honr 
Hours past noon 



Correction . 



. -i'094 
. . io*9 

9846 
10940 

— II '9246 



Equation of Time, 8 m. 15 '85 s. - for Apparent Time. 



Oorrectlon of Obeerved 
Altitude. 



f Coa S Sin (S-o) 



Bin t nour z_ = "^ 


V 


Coa. 2- Sin j>. 


/ 
Altitade . . 49 10 
Latitude . . 32 40 
Polar distance 67 20 


It 
^9 
18 
56 


See . . . '074802 
Coeeo . . '034861 


2) 149 II 


33 




8 . . . . 74 35 
8-alt . . 25 25 


46 
27 


Cos . . . 9*434264 
Sin . . . 9*632778 

2) 19-166705 


J hoar ^ . . 22 3*1 


It 

41 
2 


Sin . . . 9-583352 


45 3 


22 
4 


hour angle. 


6,0) 18,0 13 


28 





index error 



O t It 

97 49 55 
-25 





2) 97 49 30 


Refraction 


48 54 45 
-49 


48 53 56 
Semidiameter + 16 17 


Parallax 


49 10 13 
+ 6 


True altitude 49 10 19 



h. m. a. 

Hour angle east, because the time is km. 3 013-5 
Subtract from 24 



Hour /_ west = apparent time . 
Equation of time 



. 20 59 46'5 
. - 8 15-8 



Mean time at place 30 51 30*7 



h. in. a. 
Therefore the chronometer, if correct, would show . . 8 51 30-7 
' But the chronometer ehowed 10 46 44*0 



Therefore the chronometer was fast on mean time at the place i 55 13*3 
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Example 2. -^Altitude of a Leonis or Eegulus. 

If on February loth, 1855, at 9 h. 5 m. p.m. mean time nearly, in 
latitude 28° 20' N, and longitude 31° 2' W, a chronometer shows 
II h. 16 m. 25 s. when the altitude of a Leonis is 41° 55' 10", the 
star east of the meridian, index error + i' 20", and the height of the 
eye above the sea 25 ifeet; required the error of the chronometer for 
mean time at the place of observation ? 



Greenwich Date. 




h. m. 
Date at place, Feb. loth . 9 5 
Long.W +24 


/ 

Longitude 31 2 W 

4 


February loth ...119 


6,0)13^4 8 
2 h. 4 m. 8 8. 






Greenwich Date, 1855, Feb. loth, 11 h. 9 m. 


R. A. a Leonis. 


Declination a Leonis. 


h. m. 8. 

Febrnary loth . . 10 39*74 


° ' " XT 

12 40 24*5 N 
North polar distance 77 19 35*5 


Bight Ascension of the Mean Sun. 


h. m. s. 
flirlArAA.1 HmA at mAan noon . . . . . • . ^I 19 ^9*^4 


r lih I 48-42 


A AAAl^^ratinn for Q m . ''....>'*• I * 48 


OS •• 


V w/ 0. . . « 






21 21 49*44 
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Gorreo Ion of Obeerred 
Altitude. 



Alt. obs. . 
Index error 



Dip . . 

Refraction 
True alt 



41 55 10 

+ I 20 

41 56 30 

- 4 55 

41 51 35 

- I 3 

41 50 3^ 



Sin i hour ^ = y/.Co88,8iniSr:^) 



Cua. ISiup. 



Altitnde • . 
Latitude . . 
Polar distance 



41 50 32 

38 30 o Sec 

77 19 36 Ooaec 



•055418 
•010712 



2) 147 30 8 

73 45 4 Co« 
31 54 32 Sin 



24 31 9*5 Sin 
2 



9-446864 
9*723102 

2) 19*236096 

9 ■618048 





0) 


49 


2 


19*0 
4 


6^ 


19^6 


9 


i6*o 






3 


16 


9"3 



h. m. 8. 

Hour angle east of the meridian 3169*3 

Subtract from 24 

Hour angle west of the meridian 20 43 50*7 

Right ascension of a Leonis add 10 o 39*7 

Right ascension of the meridian 30 44 30*4 

Right ascension of the mean sun sub 21 21 49*4 

Mean time at the place of observation 92241*0 

h. m. 8. 

Therefore the correct mean time at the place 9 22 41 

Time shown by the chronometer 11 16 25 

Chronometer fast on mean time at the place of observation . . i 5 3 44 



Examples fob Exercise. 



I. Given the true altitude of the sun in the morning 38° 29' 54", 
the sun's polar distance 73° 40' 26", the latitude of the place of ob- 
servation 22° 40' o" S, and the equation of time 14 m. 127 s. addi- 
tive to apparent time, required the error of the chronometer both for 
mean and apparent time? The time by the chronometer being 
loh. 27 m. 57 s. Ans. Fast for mean time, i h. 5 1 m. 45*8 s. 

Fast for apparent time^ 2 h. 5 m. 58*5 8. 
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2. Given the true altitude of the sun in the morning 30° 19' 40", 
the sun's polar distance 73° 58' o", the equation of time 14 m. 17-98. 
additive to apparent time, and the latitude of the place of observation 
22° 1 1' S, required the error of the chronometer on mean and appa- 
rent time ? The time by the chronometer being 9 h. 53 m. o s. 

Ans. Fast for mean time, ih. 51m. 40-58. 
Fast for apparent time, 2 L 5 m. 58*4 s. 

3. Given the true altitude of the sun in the afternoon 19° 57' 8", 
the sun's polar distance 71° 59' 38", the equation of time 6 m. 1-7 s. 
additive to apparent time, and the latitude of the place of observation 
74° 36', required the error of the chronometer for mean and apparent 
time at the place of observation ? The chronometer showing at the 
observation 7 h. 1 5 m. 45 s. 

Ans. Fast for mean time, i h. 49 m. 8 s. 

Fast for apparent time, i h. 55 m. 9-78. 

4. Given the true altitude of the sun's centre in the afternoon 
19° 14' 25", the polar distance 71^ 59' 45", the equation of time 
6 m. I -6 8. additive to apparent time, and the latitude of the place of 
observation 74° 36', required the error of the chronometer on mean 
and apparent time at the place? The time by the chronometer 
7h. 26 m. 26*48. Ans. Fast on mean time, ih. 49 m. 6*8 s. 

Fast on apparent time, i h. 55 m. 8*3 s. 



To FIND THE ErBOR IN THE HoUR ANGLE PROM A GIVEN ErROR 

IN THE Altitude. 

The formula for computing the error of the hour angle arising 
from an error in the observed altitude, is — 

•rr /• L 7 error of alt 

Error of nov/r angle = , ,., / , ; — ;= ; 

^ 1 5 X cos tautude . sm azimuth 

therefore if the error of altitude be 1 5" = i second of time — 

Error of how angle = ,— ^ — . = sec lat eosee azimuth : 

^ ^ COB lat szn az. ' 

and this will give the error of the hour angle in seconds of time. 
Thus, if the latitude be 50° N, and the azimuth of the object 
N 36° E. 

o 
Sec 50 .... * lo* 191933 

Coseo 36 . . « . . 10-230701 



2*6478. ...".... 0*422714 

Therefore an error of 1 5" in the altitude would produc^e an error of 
2-6 8. in the time computed from it under the given circumstances. 
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When the azimuth = 90^ the ooBecant of the azimnth = i, and 
then BuppoBing the altitude 1 5'' in error. 

Error of the lumr angle in aeoonda of time = i eeoond X eee latitude. 

The effect of a given error of altitude is then least, and it is there- 
fore best to observe celestial objects on the prime vertical, when the 
intention is to obtain the time at the place of observation. In the 
case above given, an error of i s" in the altitude would cause an error 
of 1*56 s. in the time deduced from it, or about 5-ioths of a second 
for every second of error in the observation. 

Another form of the expression for the error of the hour angle, in 
seconds of time, ia 



-Ej j.r 7 COS alt Error of alt 

Error of hour angle = —. = — -. — r x 

•^ ^ B%np , cosl . Binh 15 

"Where p = polar dist., I = latitude, and h = hour angle. 
In the first example worked at page 130. 



South polar distance . . . . 67 21 sin . . . 9*965143 

Honr angle 45 3 sin . . . 9*849864 

Latitude 32 4000s .. . 9*925222 

Log. Denominator 29*740229 

Altitude 49° 10' cos 9*815485 

Subtract 9*740229 

•119 -075256 

Therefore 1 5" of error in the altitude would have produced an error 
of little more than i-ioth of a second in the computation of the time. 



To FIND THE Sate of a Ghbonometer. 

The rate of a chronometer, or its daily gain or loss, is determined 
by comparing its errors for mean time, as found by observation at a 
given place on different days. Thus, if by observation a chronometer 
is found 20 8. fast, and at the end of ten days 30 s. slow for mean 
time at the same place, it bas evidently lost 50 s. in ten days ; whence 
its daily rate is 5 s. losingi. If on a given day a chronometer be 12 s. 
fast, and at the end of thirteen days 573. fast for mean time at any 
place, it must have gained 45 s. in thirteen days, or its rate is about 
3*5 s. per day gaining. Hence the method of finding the rate of a 
chronometer is evident. 

When the longitude of a place at which observations are taken for 
the error of a chronometer is accurately known, it will be found con- 
venient in all cases to find its error for Greenwich time, which may be 
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done by finding the time at Greenwich corresponding to the time at 
the given place as computed from observation, and comparing that 
time with the time shown by the chronometer. When ,the errors are 
all referred to Greenwich time, the rate can easily be found from 
observations taken at different places ; and it is often desirable to do 
this ; for a seaman cannot always stop long enough at one place to 
obtain a rate that is entitled to confidence ; as the unavoidable errors 
of any observation render it advisable that a rate should not be 
deduced from observations separated from each other by a very short 
interval of time. If more than two sets of observations can be 
obtained, it will be seen from the results whether the rate of the chro- 
nometer is uniform or not ; and for this purpose the mariner should 
lose no opportunity to multiply observations, that any change in the 
rate may be detected and allowed for. 

QxmsTioNs* 

Example l, — If on July the 29th the chronometer be slow 
20 m. 57 s., and on August i8th slow 20 m. 38 s. at the same place, 
what is the rate of the chronometer ? 

The chronometer has gained 19 s» between July 29th and August 
18th, that is in 20 days, and therefore its daily rate = ^t = '95 
seconds per day, gaining. 

2. A chronometer is fast for mean time ih» 28 m. 29*5 s. at a 
place in longitude 33° 45' W, what is its error on Greenwich mean 
time? 



Suppose the chronometer to show » i * 
Suotracting the error » » . . . 4 

Therefore the chronometer ought to show 
Adding the longitude in time W • » * 



The corresponding Greenwich mean time is 
But the dironometer showed i . i . 



b^ m. 8. 
12 o o 

1 28 39'5 

10 31 30-5 

2 15 o 

12 46 30*5 
12 o o 



Therefore the ehronometeris slow on Greenwich mean time o 46 30'$ 



3. A chronometer is slow 3 h. 36 m* I8 s* for mean time at a place 
in longitude isi°2S'3l"!E; required its error on Greenwich mean 
time? 



Suppose the chronometer to show » i . » 
Adding the error .*.;.<.*. 

Corresponding time at the place ...44 
Subtracting the longitude m time i . ; * 

The corresponding Greenwich mean time is . 
But the chronometer shows 12 h. or » , . 


h. 
. 12 
' 3 


in. 8. 



36 18 




. 10 

• 5 




36 18 
5 42- 

30 35* 




07 
93 


Therefore the chronometer is slow on Greenwich me 


an time 5 


30 35* 


93 
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4. A chronometer ia fast i h. 25 m. 307 s. at a place A, in longi- 
tude 37° 18' 50" E; what is its error for a place B, in longitude 
10° 15* is"W? 

b. m. 8. 

Suppose the chronometer to ehow 1200 

Suotractlng what it is fast for A . i 25 30*7 

The time at A 10 34 29*3 

Subtracting the longitude of A, eaat 22915*3 

The time at Greenwich 85 14*0 

Subtracting the longitude of B, west o 41 i 

Time at B 7 24 13 'o 

But chronometer showed 1200 

Therefore chronometer fast for B . . . . . . 4 35 47* o 



5. A chronometer losing 3*8 s. per day, is fast for mean time at a 
place A, I h. 29 m. 137 s. on May 5th, and fast for mean time at a 
place B on May 12th, ih. 25 m. 17*5 s.; required the diflference of 
longitude between A and B ? 

h. m. 8. 

Chronometer fast for A on May 5th i 29 i}'7 

Lost between May 5th and May 12th 26*6 

Therefore the chronometer is fast for A on May 12th . i 28 47* i 
But the chronometer is fast for B on May 12th . . . i 25 17*5 

Difference of longitude in time 0329*6 



The time at B being the most advanced, B is the eastward place, 
and the difference of longitude is 52' 24". 



6. A chronometer on July ist was i8m. 45"S s. fast for mean 
time at a place A, and on sailing to B it is foxmd to be 19 m. 37 s. 
fast on July 20th, and again on August ist, at A, it is 18 m. ids. 
fast for that place ; required the difference of longitude between A 
and B ? 

m. 8. 

Chronometer fast at A on July ist 1845*5 

„ „ Aug. rst .• 18 10 

Therefore chronometer lost in 3 1 days 35*5 



Hence daily rate of the chronometer ^* = 1*148. losing. 

Between July ist and July 20th, 19 days, the chronometer lost 
19 X ri4 = 2r66s, 
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m. 8. 



Therefore, since the chronometer was fast for A on July ist • i8 45 "5 
And lost between July I st and July 20th 21 "7 

The chronometer was fast for A on July 20th 18 23*8 

But the chronometer was fast for B July 20th 19 37 

Difference of longitude between A and B i 13*3 

and B is west of A, because the time at B will be less than the time 
at A (see page 75). The difference of longitude is 0° 18' 18". 

7. A chronometer is slow on mean time at Liverpool on June 21st, 
28 m. 27*5 s., and on July loth, 4h. 17 m. 58*68. fast for mean time 
at New York ; what has been the rate of the chronometer ? 

Longitude of Liverpool, 2° 58' 55" W, longitude of New York, 
73°59'o"W. 

h. m. B. 

1. Suppose the chronometer to show 1200 

The chronometer was slow at Liverpool on June 2 ist . . . 28 27*5 

Therefore the mean time at Liverpool is 12 28 27*5 

Adding the longitude of Liverpool 01155*7 

The Greenwich, mean time is 12 40 23* 2 

But the chronometer showed 12 o o 

Therefore the chron. slow on Greenwich mean time, June 2 ist 40 23 * 2 

b. m. s. 

2. Suppose chronometer to show 1200 

Chronometer fast at New York, July loth 41758*6 

Mean time at New York 7 42 1*4 

Longitude of New York 4 55 56 

Greenwich mean time 12 37 57*4 

But the chronometer showed 1200 

. * . The chronometer slow on Greenwich mean time, July loth 37 57*4 

m. B. 
The fthmnometer slow on Greenwich mean time, June 21st . . 40 23 * 2 
„ „ „ July loth . . 37 57*4 

2*25*8 

The chronometer has gained in 19 days 145*8 s. 

. * . The daily rate of the chronometer has been 7*675. gaining.^ 
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TO FIND THE LONGITUDE BY A CHEONOMETER. 

This problem consists in finding the correct mean time at Greenwich, 
when an altitude of any celestial object is taken, by means of the known 
error and rate of the chronometer ; and secondly, in finding the correct 
mean time at the place whose longitude is required by the method 
given at page 128. And then, the difierence between the Greenwich 
time and the time at the place of observation, is the longitude of the 
place in time ; east when the Greenwich time is the least, and west if 
the Greenwich time is greater than the time at place. 

In keeping a record of observations such as this for future working 
or for reference, it is quite necessary to retain all the foUowmg par- 
ticulars : — 

1. The date at the place, with the civil or astronomical time. 

2. The latitude and the longitude, as nearly as they may be 
known. 

3. The time shown by the chronometer, with their mean, and 
the error of the chronometer for Greenwich mean time at a 
given date, together with its daily rate. It will give very little 
trouble, and is desirable at the time of recording the observations, 
to find an astronomical Greenwich date. 

4. The observed altitudes, with their mean— together with 
the index error of the sextant, or, better still, the list of obser- 
vations made for ascertaining the index error, properly reduced. 

5. The height of the barometer and thermometer. 

Many valuable observations have been altogether untranslatable, 
for the want of some one or other of these elements. 

The date at the place serves the purpose of checking the Green- 
wich date deduced from the chronometer, by verifying, at least, the 
day and hour at Greenwich. 

Example i. — An altitude of the sun. On March 12th, 1855, at 
4h. lom. P.M. mean time nearly, in latitude 50° 48' N, longitude 
by account 65° E, when the chronometer showed 1 1 h. 50 m. 20 s., the 
observed altitude of the sun*s lower hmb was 14° 50' 10", index 
error — 2' 20", and height of the eye above the sea 18 feet; required 
the longitude ? 

On February 2Sth, at noon, the chronometer was slow on Green- 
wich mean time i m. 402 s., and its daily rate 3*5 s. gaining. 
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Greenwich Date nearly. 


Loogitude in Time. 


d. h. m. 
Date at place . . March 12 4 10 

longitude E 4 30 



65 E 

4 h. 20 m. 


March 11 23 50 




Greenwich Date from the Chronometer. 


Error iVom Rate. 


h. m. 8. 
Cluronomoter . , . 11 50 20 

Slow on Feb. 25th . +1 40*2 


lyailynite .... 3*58. 
Feb. 25th to March 12th 15 days 

175 
35 

Gain . . . 52-5 


II 52 0'2 
Gain since . . . . — 52*5 


March nth . . . 23 51 7*7 




Greenwich date, 1855, March nth, 23 h. 51 m. 7*7 8. 


Sun's DecllnaUon, page 11. 


Correction, page L 


i u 

March 12th . . . 3 25 25*1 8 
Correction ... +8*8 


Diff. inihour s^"'o 
1 min. '98 
9 min. 8*82 


3 25 33*9 


North polar distance 93 25 33-9 




Equation of Thne, page IL j Correction, page I. 


m. 8. 
March 12th . . . . 10 2*30 

Correction + '10 


Diff. in I hour '671 
6 min, '0671 


Equation of time . . , 10 2*40 


3 mm. '033 
9 min. 'loo 
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CorrecUon of the Obeerved 
Altitude. 


„. ., /Co8S.Sin(S^a) 
Sinihour^ = V Oos.l.Siiii> 


O / /I 

Obs alt. . 14 50 10 
Index error . - 2 20 


Altitude . . 14 56 20 
Latitude . . 50 48 Sec 
Polar distance 93 25 34 Oosec 

2) 159 9 54 

79 34 57 Co3 
64 38 37 Sin 

J hour Z • • 30 35 29 Sin 
2 


•199263 
•000777 

9*257245 
9*956006 


14 47 50 
Dip ... -4 II 


14 43 39 
Refraction . -3 34 


14 40 5 
Semidiam. . + 16 7 


2) 19-415291 
9-706645 


14 56 12 
Parallax . . +8 


61 10 58 

4 


True alt . 14 56 20 




6.0) 24,4 43 52 

4 4 43*9 


h. m. 8. 

Hour angle west = apparent time . . . 4 4 43*9 

£aiiAtibn of time . 4- 10 i*a 








Mean time .... 


4 14 46*3 






d. h. m. 8. 
.-. Date at the place of obseryation March 12 4 14 46 * 3 

Greenwich date .... March 11 23 51 7*7 


Diflference = longitude 


in time . . . 4 23 38*6 




4) 263 38-6 


Longitu 


de . . . 65° 54-6 E 







Example 2. — On March 27th, 1855, at 6h. 10 m. p.m. mean 
time nearly, in latitude 22° o' o" N, and longitude by account 
12° 47' W, when a chronometer showed 7h. 2 m. 20 s., the obserred 
altitude of Eegulus (east of meridian) was 40° 20' o", index error of 
the sextant + i' 10", and the height of the eye above the sea 20 feet; 
required the longitude ? 
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On March I3tb, the chronometer was fast on G-reenwich mean 
time lom. 20*5 s., and its daily rate 2*5 s. gaining. 



Greenwich Date nearly. 



Longitude in Time. 



h. m. 
Date at place, March 2 7th . 6 10 
Longitude W 51 

March 27th' 7 i 



iiP 47' W 
In time .... oh. 51m. 8 b. 



Greenwich Date from the Chronometer. 



Error ftom Bate. 



h. m. s. 
Chronometer .... 7 2 20 
Error on March 27 th . -1020*5 



Gain since 



6 51 59*5 
-35 



March 27th 6 51 24*5 



Daily rate . . 
March i3th-2 7th 



Gained . 



2*5 8. 

14 days. 

100 
25 

35-0 



.*. Greenwich Date, 1855, March 27th, 6 h. 51 m. 24*5 s. 



Sight Ascension of Begulns. 



Declination of Regains N. 



10 h. om. 39 '80 8. 



12 40 24*7 
North polar dietanee 77 19 35*3 



Right Ascension of the Mean San. 



Sidereal time at mean noon, March 2 7th 

6h. 

51m.. • . 

24-5 8. 



Acceleration for 

Bight ascension of the mean snn . . 



h. 


m. 


B. 







17 


24*47 






59 


r4 






8 


38 
07 





18 


32 


06 
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Ck>rrection of the Observed 
AlUtude. 



Obs. alt. . 
Index error. 



Dip . . 

Hefraction 
True alt 



o, .^ /Co8S.Sin(S-a 
Sin i hour ^ = A / 



Coal . Q\np 



40 20 o 
+ I 10 



40 


21 

-4 


10 

24 


40 


16 
-I 


46 
8 


40 


15 


38 



Altitude 
Latitude 
Polar distance 



40 15 38 
22 o o 
77 19 35 



Sec 
Cosec 



•032834 
•010713 



J hour ^ 



2) 139 35 13 

69 47 36 
29 31 58 



25 42 41 

2 



Cos 
Sin 



Sin 



9-538332 
9-692778 

2) 19-274657 
9-637328 



51 25 22 

4 



6^0) 20^5 41 28 



3 25 41-47 



b. xn. B. 

Easterly hour angle 3 25 41-47 

Subtract from 24 



Westerly hour angle 20 34 18*53 

B. A. of Begulus add 10 o 39*80 

R. A. of meridian 303458*33 

B. A. of mean 8un 9uh o 18 32*06 



(24 hours rejected) . . . . . . . . 6 16 26*27 

d. h. m. 8. 
/. Correct date at place . . . March 27 6 16 26*3 
Greenwich date March 27 6 51 24*5 



IMfferenoe = longitude in time . . 



. 34 58-2 



Longitude . . 8° 45' W 



Examples fob Exebgise. 

I. On May 24th, 1S55, at 2I1. 20m. p.m. mean time at place 
nearly, in latitude 40° 17' 26" N, longitude by account 88° 57' W, 
when a chronometer showed 8 h. 22 m. 7 s., the observed altitude of 
the sun's lower limb was 53° 48' 34", index error — i' 15", height 
of the eye 17 feet ; required tiie longitude ? 

April loth, 1855, at noon, the chronometer was fast on Greenwich 
mean time 3 m. 275 s., gaining daily 4-5 s. 

Declination at noon, May 24th, N 20° 43' 11*9", difference for 
I hour 27-66''+, and semidiameter 15' 49*4". 

Equation of time at noou. May 24th, — on apparent time 
3 m. 29-568., difference for i hour — -221 s. Ans. 89 i' 39" W. 
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2. On October 20th, 1855, at loh. 15 m. a.m. mean time at place 
nearly, in latitude 37° 20' N, longitude by account 37° 20' W; the 
observed altitude of the sun's lower limb was 37° 21' o", index error 

— 4' 15", height of the eye 15 feet, time by chronometer 
oh. 58m. 52-58.; required the longitude? 

October ist, 1855, at noon, the chronometer was fast on Green- 
wich mean time 17 m. 27*5 s., losing daily 3*5 s. 

Declination at mean noon, October 20th, S 10° 14' S2"7, differ- 
ence for I hour + 53*82", and semidiameter 16 6"*6. 

Equation of time at mean noon, October 20th, — on apparent time 
IS m. 3-0 s., difference for i hour + -417 s. Ans. 38° / 18" W. 

3. On December 13th, 1855, at 10 h. 27 m. a.m. mean time at 
place nearly, in latitude 41° 13' S, longitude by account 84° 10' E, 
when a chronometer showed 5 h. 5 m. 27*5 s., the observed altitude of 
the sun's lower limb was 64° 10' 39", index error — 2' 5", height of 
the eye 19 feet; required the longitude? 

November loth, at noon, the chronometer was fiast on Greenwich 
mean time 10 m. 27 s., gaining daily 8*5 s. 

Declination at mean noon, December 12th, S 23° 4' 46"-9, differ- 
ence for I hour -{- io"-96, and semidiameter 16 \f'2. 

Equation of time at mean noon, December 12th, — on apparent time 
6m. 12*04 s., difference for i hour - i-i8os. Ans. 84° 12' K 

4. On February 20th, 1855, at 6 h. 21m. p.m. mean time at place 
nearly, in latitude 50° 51' 39'' S, longitude by account 34°J7'E, 
time by chronometer 4h. 22 m. 457 s., the observed altitude of 
a Eridani was 64° 41' 24", index error — i' 10", height of the eye 
19 feet ; required the longitude ? 

January 3rd, 1855, at noon, the chronometer w<^s fast on Green- 
"wich mean time i6m. 10 s., gaining daily 3 s. 

Declination February 20th, S 57° 58' 43" 8, difference for 10 days 

- 2-3". 

Eight ascension February 20th, ih. 32 m. 17*52 s., difference for 
10 days — •24 s. 
Sidereal time at mean noon, 21 h. 59 m. 2 5 '09 s. 

Ans. 34° 46' 42" R 

For additional exercises see p. 324, Exs. 32-38. 

. The formula for computing the change in the hour angle for a 
given small difference in the latitvde employed in computing it is — 

d cot p , cosec h — d . tan I . coth 

d = given increment or decrement of latitude, p = polar distance, 
h = hour angle, I = latitude. 

Thus, in the example at page 138, let it be required to find how 
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mnch the hour angle would be changed if computed with a latitude 
lo' or 600" greater than the one there employed. Here d = 600". 



+ 

- p 93° 26' 
+ h 61° II' 


600" log 
cot 
coaec 


2-778151 

8-778114 

•057413 


+ I 50° 48' 
+ h6i^ 11' 

- 404-7 

- 4I-0 


600" 


log 
tan 
cot 

7 25 


2-778151 

•088533 

9-740468 


-41-08 


1-613678 


2-607152 




- 445*7 . 


7 



Hence, as the negative sign shows, the hour angle would have been 
about 7' 26" less, if the latitude 50'' 58' had been used instead of 
50° 48'. 

Let us see : — 



Altitude . . 
1 atitude . . 
Polar distance 


14 56 20 
50 58 
93 25 34 


Sec 
Oosec 


•200816 
•000777 


*) 


159 19 54 






79 39 57 


Cos 


9*253795 




64 43 37 


Sin 


9-956305 






2) 


19-411693 




30 31 45*7 

2 


Sin 


9-705846' 


Hour angle 
rmer calculation 


61 3 31-4 
61 10 58 




Difference 


-7 26-6 





The error in longitude, therefore, for 10 miles error of latitude, 
would in this case be about 7^ miles. 

The longitude found with the last computed hour angle is 
65° 47' 12" E ; and, tabulating these results, we see that — 



{^ith lai 50 48 N, the longitude is 65 54 39 E ... A 
,, 50 58N ,, 65 47 12E . . . B 

Difference of latitude 10' N, Difference of longitude 7' 27" W = 7'-45 W 
Middle latitude 50° 53' N. 



Thus a doubt in the correctness of the latitude to the extent of 
10 miles north will make the longitude also doubtful to the extent of 
7*45 miles westward. So also 10 miles to the southward in the lati- 
tude would make a difference of 7'4S miles eastward in the longitude, 
as deduced &om this particular observation. 
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Let it be required to find how the points determined by these lati- 
tudes and longitudes lie with respect to each other. 

m J A A yy ^ff* ^^OnO, X CM mid. lot. 

Tan courtefrom AtoB— -^ -^t^.^-,-. 

■^ JHff, lat 

Difference of longitude 7*45 • * • 0*872156 
Middle latitude 5°° 53' • <5<» 9*7999^2 

10*672118 
Difference of latitude 10 1*000000 



Course . • . . Nas^io'W, tan 9*672118 



Therefore, if these places were found upon the chart, and a line 
drawn through them, this line would cut the meridians at an angle of 
N 25° 10' W, and is called a line of position of the ship, because the 
ship's actual place hes upon it, and it can be found even when the ' 
latitude is not exactly known. 

The line of position is also perpendicular to the sun's bearing at 
the time of obeeryation ; therefore, subtracting 25° 10' from 90°, 

o » 

90 O 
35 10 

Sun's bearing nearly S 64 50 W 



This may be verified by the actual computation of the azimuth of 
the sun from this formula : — 

a, * ^i ^n Iwur angle x tin polar distance 

o%n aztmtMA = 4..- , r 

cos alUtiMe, 



Hour angle 61 11 sin 9*943587 

Polar distance 93 26 sin 9*999220 

19*941807 
Altitude 14 56 cos 9*985079 

Azimuth S64 5iW8in 9*956728 

Agreeing within a minute with a former result. The principles here 
practicauy illustrated are the foundation of the method of finding 
the latitude and longitude from two observations, which is given at 
page 158. 
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Azimuths, Amplitudes, Yabiation of the Compass, Deteb- 
minatiok qf tbue beabikgs, &c. 

The principle of all methods of finding the variation of the com- 
pass is the same ; the bearing of any celestial object is to be taken 
with the compass, the time being also noted ; the tme bearing is then 
computed, and if the true and observed barings agree, there is no 
variation ; and if they disagree, the diflference is the variation. 

If both the true and observed bearing be supposed to be marked on 
the compass card, then if the true bearing is to the right of the 
observed bearing, the north end of the needle is drawn to the right, or 
the variation is east ; and if the true is to the left of the observed 
bearing, the variation is west. 

The methods of computing the variation given in the following 
pages are distinguished by the data used in the computation, viz. — 

1. The altitude, date, and observed bearing. 

2. The hour angle and observed bearing. 

3. The amplitude, at rising or setting. 



1. When the aliitvde u observed at the same instant that the hearing 
is taken, 

EuLE I. Find the Greenwich date, and with it, enter the " Nautical 
Almanac," and take out the declination of the object observed and 
find its polar distance. 

2. Compute the true azimu th from the fo llowing formula — 

Sin i azimvth = \/ <^o^ ^ - coa {8~^hFdd8t.) 

C08 alt. . C08 lot.. 

where 8 denotes half the sum of the altitude, latitude, and polar dis- 
tance. 

3. The azimuth is reckoned from the north in south latitude, and 
from the south in north latitude, and towards the east or west 
according as the altitude is increasing or decreasing at the time of 
observation. 

4. If the true and observed azimuths are both east or both west, 
the difierence is the variation, otherwise their sum is the variation, 
easterly when the true azimuth is to the" right, and westerly when the 
true azimuth is to the left of the observed. 



Digitized by VjOOQ IC 



NAUTICAL ASTRONOMY. 



147 



Example i. — Octoler 17th, 1855, at gh. 28 m. a.m. mean time 
at the place nearly, in latitude 66° 12' S, longitude 114° E, the ob- 
served altitude of 28° 2' 00", index error + 4' 40", height of ttie 
eye 25 feet, also the bearing of the sun by compass N 13° 47' E ; 
required the variation ? 



Greenwich Date. 



Date at place 
Longitude E. 



d. h. m. 
Oct. 16 3^ 28 
. . -7 36 



1855, Oct. 16 13 52 



Long, in Time. 



114 E 

456 

7 h. 36 in. 



0*8 Declination, page II. 



Correction. 



Oct. i6th 
Cor . . 



O I II 

8 47 17-78 
+ 12 46-3 

9 00 4*0 



Diflf. in I hour . . . . +55*25 
Hours past noon . . . . 13 '87 

Products cor. . . . +12 46*3 



South polar distance . 80 59 56 



Correction of Obeerved Alt 



Obs. alt. . 28 2 o 
Index error . + 4 40 



Dip 



28 I 45 
Refraction . -i 47 



27 59 58 
Semidiameter +16 6 



28 16 4 
Parallax . +8 



True alt. . 28 t6 12 



Sin i az. : 



V 



Cob S . Cos (S - pol. diat.) 
Cos alt. . Cos lat. 



(a) Altitude . . 
(Z) Latitude . . 
(j3) Polar distance 



28 16 sec 
66 12 sec 
81 o 



l-l> 



2)^i75j8 

. 87 44 cos 
. 6 44 COS 



} azimuth 
azimuth . . 

True azimuth 
Observed azimuth 

Variation . . . 



19 25 sin 
38 50 



•055146 
•394108 



8-597152 
9-996994 

2) 19-043400 

9-521700 



N38 50E 
N 13 47E 



25 3E 



The variation is east because the true azimuth is to the right of the 
observed azimuth. 
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II. When the altitude is not observed^ hut the bearing and time of 
observation only. 

1. Find the Greenwich date. 

2. Take out the declination and find the polar distance. 

3. Find the meridian distance of the object. 

(a). If the object be the sun, the apparent time at place 
is the meridian distance. 

(Jb). For any other object, the 

westerly meridian distance = mean time at place + mean 0*8 B. A, — objedCs B. A, ; 

and therefore the right ascension of the object and the 
right ascension of the mean smi must also be found. 

4. Compute S and D from these formnlaB — 

tan S = 860. i (polar dist. + oolat.) cos i (polar dist. - oolat.) x cot. J hour Z 
tan D = oosec. } (polar dist. + colat.) sin i (polar dist — colat.) x cot. i hour Z 

Observing particularly that when J (polar dist. + colat.) is 
greater than go°, S is also greater than 90"^, and when less, less. 

5. 180 — (8 + D) is the azimuth when the polar distance 
is greater than the colatitude, otherwise 180° — (S — D) is the 
azimuth ; estimated from the north in south, and south in north 
latitude. 

Example i. — On Sept. 28th, 185 5, at 4h. i8m. 20 s. p.m. apparent 
time at place, latitude 64° 10' S, longitude 32° 15' W, the sun's 
bearing by compass S 84° i' W ; required the variation ? 



Greenwich Date (App. Time). 


Long, in Time. 


h. m. 8. 
1855. Sept. 28tli ... 4 18 20 
Long. W +2 9 00 


< 

32 15 w 

129 


1855, Sept. 28th ... 6 27 20 


1 2 h. 9 m. 




DedinaUon (Page I.). 


Correction. 


Sept. 28th . . . . I 53 59*5 S 
Cor. +6 17 

2 00 i6'5 

S.P D 87 59 43-5 


Diff. in I honr . . . + 5'8-46 
Hours past noon ... x 6*45 

Product ■= CJor. . . . + 6' 17" 
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Hour Z = Apparent Time at place. 


OolAtitade. 


h. m. 8. 
4 i8 20 


» 

90 

Latitude 64 10 

Golatitade25 50 


4) 358 30 
Hour Z . . .64° 35' 




Polar difltftnoA aa ^ 1 



. 113 50 = A 



Golatitude 25 50 

Polar distance + oolatitude . . 

Polar distance — oolatitude , . . . 6a io = B 

} A (few ffcow 90°) 56 55 

iB ~ 



Tan S = gec i A. COS i B cot i h. 



TaaD = coeeci A. 8in| acot ih. 



} A 56 55 sec 
^1 B 31 5 cos 
i A 33 18 cot 



•262920 coseo '076819 

9-932685 sin 9-712889 

'199164 cot -199164 



S 68 3 tan 10*394769 



D 44° 16' tan 9*988872 



And because the polar distance is greater than the colatitnde, 
Azimuth = i8o° ^ (S + D) 



S = 68 3 
D = 44 16 



112 19 



180° - (S + D) = 67 41 = azimuth. 



The azimuth is to he reckoned from the north because the latitude 
is south, and westward because the observation was taken in the 
afternoon. 



True azimuth » » . 
Observed azimuth i * 


. N67 41 W 
. S 84 I w 


Sum 


. 151 42 


180° - sum . . . 


. . 28 18 
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As the true azimuth is estimated from the north, and the observed 
azimuth from the south, and both towards the west, the angle between 
them, or the difference between them, is found by subtracting their 
sum from i8o°. 

The remainder is the variation, east because the trae bearing is 
to the right of the observed bearing. Therefore the variation is 
28° 18' E. 

Examples fob Exeboise. 

1. If on May 17th, 1855, at 2h. om. p.m. mean time, in kti- 
tude 48° 30' S, and longitude 90° E, the altitude of the sun's upper 
limb corrected for index error be 17° 16' o'V height of the eye 10 
feet, and at the same time the sun's bearing by compass be due N ; 
required the variation of the compass ? 

Sun's declination at mean noon on May i6th, 19° 2' 12" • 9 N, diff. 
in I hour -f- 34" • 5, und semidiapieter . 1 5' 50" • 6. 

Yariation 30° 21' W. 

2. If on April 25th, 1855, at 3^1. 30m. p.m. mean time, in lati- 
tude 63° 14' iS, and longitude 10° W, the observed altitude of the 
sun's lower limb be 29° 46' 37", index error — 32", height of the eye 
17 feet, and at the same time the sun's bearing by compass 
S 78° 13' W; required the variation ? 

Sun's declination at mean noon on April 2Sth, 13° 5' SS"* 6 N, 
diff. in I hour + 48" • 74, and aenudiameter 15' 55" • 5. 

Variation 22° 1 1' W. 

3. On March 5th, 1855, at 10 h. o m. p.m. mean time, in latitude 
21° 3' N, and longitude 17° E, when the altitude of Spica is 22° 2' 30" 
increasing,' index error — i' 30", height of the eye 15 feet, the bear- 
ingof Spica is S 33° 45' E ; required the variation of the compass? 

Declination of Spica lo"* 24' 18" • 2 S. Variation 34"^ 57' W. 

In the following questions the altitude is not given. 

4. On May 2Sth, 1855, in latitude 40° 50' N, and longitude 
67° 30' W, at 9h. 27 m. 30 s. A.M. mean time, the sun bore by 
compass S 80° 25' E ; required the variation of the compass ? 

The sun's declination on May 25th at mean noon 20° 54' i S" • 6 N, 
diff. in I hour + 26" • 76 and semidiameter 15' 49" • 2. 

The equation of time to be added to mean time 3 m. 24 • 27 s., 
diff. in I hour — • 241 s. Variation 11° 17' E. 

5. On September 24th, 1855, at 4h. 1 8 m. 20s. p.m. apparent 
time, in latitude 64° 10' S, longitude 32° 15' W, the sun bore by 
compass S 94° 28' W, and the deviation of the compass at the time 
10'' 17' W ; required the variation of the compass ? 

Sun's declination at apparent noon on September 24th, 0° 20' 22" • 5 S, 
diff. in I hour -f 58 • 52, and semidiameter 15' 59" -4. 

Variation 28° 48' E. 

For additional Exercises see p» 325. Exs. 43-53. 
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To FIND THE True Bearing op a point op Land, or op ant 
OTHER Object in the Horizon, bt means op its observed 

ANGULAR distance PROM THE SuN. 

1. Let the time be noted when the distance of either limb of 
the sun from the object is measttred ; or, better still, let seyeral 
distances and times be noted, and their mean taken. 

If the further Hmb be observed, subtract the semidiameter 
from the observed distance, but if the nearer limb, add. Write 
down also whether the object is east or we«t of the sun, 

2. The sun's altitude should also be taken (or it may be com- 
puted for the mean of the times). 

3. Find the difference between the bearing of the sun and the 
bearing of the object from this formula. 

/^.^ -, . V COB (apparent diJdanee) 

cos (dtfference of hearings) = -; ^^ j—y. — -j,-^ 

^ '^ *^ ^ ^ cos {apparent alt of ). 

4. Compute the sun's true bearing by either of the preceding 
methods. 

5. If the sun be east of the meridian and the object more easty 
or the sun be wed and the object more west, add the difference 
of the bearings to the sun's true bearing. In any other case 
take the difference between the sun's true bearing and the dif- 
ference of bearings, and the result is the true bearing of the 
object. 

In like manner may any other heavenly body be used to find the 
true bearing of a point in the horizon. 



Example from Sir Edward Belcher's Treatise on Surveying, 

On May ist, 1834, at eight, observed the land about one point on 
the starboard bow; about gh. 30m. (smooth water and very clear 
day) determined on proving the reckoning. Put the patent log. 
over, and steered S 41^ 30' W, so as to bring the objects well on the 
starboard bow, and prevent the action of leeway. 
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The following obsenrations were then taken : — 

Date at Place. Sextant. to Cater Island. Index error. 

May ist, 1834, 9I1. 35 m. 52 b. Q, S^^ ^' 3°" "i° 34' o" o 

Height of the eye i8 feet, latitude 33"* 8' N, longitude 16° 10' W. 



Greenwich Date. 


Longitude in Time. 


h. m. ■. 
May 1st 9 35 5^ 
Long. I 4 40W. 


l6« 10' W 
ih. 4 m. 40 B. 


May ist 10 40 32 A.H. 




Dedlnatkm. 


GorrecUon. 


Deo. May Ist . 15 48 N. 
Cor -10 


- I' 0" 


Cor. Deo, . . 14 59 48 
N. P. D. . . 75 12 


Altitude Corrected. 


Sin 




*a3= A /CoflS.Coe(8-p) 
'V CoelaLOosalL 


1 II 
. . . 53 25 30 
Dip . . - 4 " 


Alt 523633800 '216633 

Lat 33 8 oseo '077067 

"V P Tl "ir #-k T-* 


52 21 19 
Eef. . . - 44 




/3 ^ ** 


2) 160 44 45 


52 20 35 
Semidiam.. + 15 53 


80 22 22 COS 9*223333 
5 22 10 006 9*998090 


* 52 36 28 
Par.. . . +5 

52 36 33 


O'strue 


2) 19-515123 
34 54 18 sin 9*757561 


bearings 69 48 36 E 



The refraction added again to the altitude marked with the * gives 
52^ 37' 12" for the apparent altitude of the sun. 
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Coa. App. Dist. _ Q^ . 
Cos. App. Ait. ~ 



Apparent Dist. ^ - Idand . . . • iii 34 o 

O's Semidiameter •••... + 15 53 

Dist. from 0*s centre. . . . • • in 49 53 cos 9*570399 

Apparent Alt. 0. . • . • . . 53371200s 9*783259 

52 13 35 00s 9« 787140 

From 180% because the distance greater \ ,^, ,, «, 

than 90° ./ ^ ^^ ^^ 



To find the trae bearing of tbe Island. 



True bearing of Sun . . • . . S 69 48 36 E 
Island W of Sun 127 46 25 W 

Bearing of Island. • . . . . S 57 57 49 W 



To FIND THE VaBIATION OF THE C0MPA8S FBOM THE OBSERVED* 

Amplitude op the Sun or a Star. 

From the effect of refraction, celestial objects appear on the hori- 
zon when they are 33' below it, and therefore the altitude of the 
Sim's centre, or the altitude of a star, should be about 33' + ^A^ dip 
of the horizon, when the amplitude is observed to find the variation ; 
or the altitude of the sun's lower limb should be about 17' + the dip. 

To compute the true amplitude and variation of the Compass, 

1. Find the Greenwich date. 

2. Take out the declination of the object. 

3. Compute the amplitude, 

sin amplitude = sin declination x sec latitude. 

4. The true amplitude is estimated from the east or west, ac- 
cording as the object is rising or setting. It is also to be reckoned 
toward the north or south according as the declination is north or 
south. 

5. When the true amplitude and the observed amplitude are 
both north or both south, their difference is the variation ; but 
when one is north and the other south, their sum is the variation. 

6. The variation is east or west according as the true ampli- 
tude is to the right or left of the observed amplitude. 
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Example i. — If on October 27th, 1855, at 4b. 34m. p.m. mean 
time at place nearly, in latitude 52° 36' N, and longitude 5° 16' W, 
the observed amplitude of the sun be W 42^ 15' S; required the 
variation of the compass ? 



Greenwidi Date. 


Longitude In Ttane. 


d. h. m. 
Date at place, Oct. 37 4 34 
Longitude in time W 21 


Longitude ... 5° 16' W. 
h. 21 m. 4 8. 


Oct 37 4 55 


Dedlnatkm. pafe n. 


Correction. 


October 27th. . . 1242 1*48. 
Ck)rrection • . . 4-49-0 


Difference in I hour . . +50"* 72 
Hours past noon .... 4*91 

5072 
45648 
20288 

4' 9"= 249-0353 


12 46 io"4S. 




Bin amplitude = rin decUnaUon X aec latitude. 


t 
Declination • . . • 12 46 8. sin . . • • 9*344355 
Latitude • . . . . . 52 36 N. Bee . . . . '216542 

Amplitude . • . W 2t 20 8. sin . . . . 9*560897 
Observed amplitude . W 42 15 8. ■ 

Variation 20 55 E* 



Example 2. — On January 24th, 185^, at 6h. 45 m. a.m., in 
21° 14' N, longitude 31° W, the suns rising amplitude by 
was E 35° 20' 8; required the variation? 



latitude 



Greenwich Date. 


Longitude in Time^ 


d. h. mi 
Date at place . . • Jan» 23 18 45 
Longitude in time . W +24 


Longitude .... 31° W. 
tn time 2h. 4m. 


Jan* 23 20 49 
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0*8 DecUnation, page 11. 


Correction, page I. 


January 23rd. . . 19 30 29-98. 
-12 19*2 


Difference in i hour . . 
Hours past noon . . . 

Product = correction . • 


-35-54 

, 20-8 


19 18 10-7 


12' 19"- 2 




Sin amplitude = nn decUnati<m x mc latUude. 


Decimation 19 
Latitude 21 


° 18' sin 9'5i9i90 
14 sec '030531 




True amplitude 20^ 46' sin 9*549721 



The amplitude is to be reckoned from the east towards the south, 
therefore, 



True amplitude . , 
Observed amplitude . 



E 20 46 8. 
E35 20 8. 



Difierence = Variation . . 14 34 W. 



Examples fob Exercise. 



I. On April 29th, 1855, in latitude 36° 22' N, and longitude 
12° W, at 5h, 32 m. a.m. mean time, the sun's amplitude is ob- 
served to be E 3° 20' N ; required the yariation ? 

Sun's declination at mean noon on April 28th, 14° 3' 45" N, diff. 
in I hour + 47" • 04. Variation 14° 32' W. 



2. K on June 6th, 1855, at 7h» 40 m. p.m. mean time, in lati- 
tude 48° 27' N, and longitude 33° W, the sun's amplitude observed 
with a compass at his setting be W 14° 23' N ; required the varia- 
tion? 

Sun's declination at mean noon on June 6th, 22"^ 37' 59" '9 N, 
diffi in I hour -f- 15"' 3$. Variation 21° 9' E. 



3. On August 27th, 1855, at sh. 30 m. p.m. mean time, in lati- 
tude 21° 4' S, and longitude 6° E, the sun's setting amplitude is ob- 
served by compass to be W 10° o' N ; required the variation ? 

Sun's declination at mean noon on Aug. 27th, 10° 1 1' 32" • 8 N, 
diff. in I hour - 52" • 69. Variation 0° 51' E. 
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4. On January 25ih, 1855, in ktitude 16** 21'S, longitude 15° W, 
the amplitnde of Spica when rising is E 16° 3' N by compass; 
reonired the variation ? 

Declination of Spica at this time 10'' 24' 1 1" * 5 S. 

Variation 26^ 53'- 5 E. 

5. On January 3rd, 1855, in latitude 38° 1/ S, longitude 25° E, 
the amplitude of Sirius when rising is observed to be E 16^ 20' S ; 
required the variation ? 

Declination of Sirius 16° 31' 1 1" S. Variation 4** 54' E. 

For additional exercises see p. 324. Ez& 39-42. 

At the poles, flie diurnal paths of the stars are parallel to the 
horizon, and they consequently do not meet the horizon at all ; and in 
high latitudes generally, the variable refractions, as well as the very 
acute angle at which the objects cross the horizon, render observa- 
tions of ampUtudes useless, when not impossible. A very small error 
in estimating the apparent altitude whicn the object should have, will 
make enormous ditii'erences in the observed bearings; but at the 
equator the circles of declination meet the horizon at right angles, 
and any probable error in the time of the observation will hwdly 
affect the observed amphtude ; for the bearing will be nearly constant 
for some time before the object sets or after it rises. The rising or 
setting sun may, under these circumstances, be advantageously used 
in determining the true bearings of headlands, &c., for the difference of 
bearing between the sun and any other object may then be measured 
with a sextant, and this difference applied to the true bearing of the 
sun will give the true bearing of the object, by a simple operation of 
addition or subtraction. It may be noted, that at the equator, the 
latitude being o, the secant of the latitude = i, and the forinula for 
the computation of the amplitude becomes sin amplitude = sin dedir 
nation ; therefore the true amplitvde is equal to the declination, 



To BBDUOB THE AlTITUDB OF ANY CbLESTIAL ObJECT OBSBBVED AT 

ONE Place, to what it would have been if obsebved at the 

SAME INSTANT AT ANOTHEB PLACE. 

1. The bearing of the object must be taken at the same time that 
the altitude is taken, or it must be computed for that time. The 
course and distance run since the observation was taken must also be 
noted. And the correction of the altitude for this change of place 
may then be computed. 

2. Let A = the angle between the object's bearing and the ship's 
course, the distance being estimated in minutes. 

Correction = distance x cos A 
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3. The correction is to be added when A is less, and subtracted when 
A is greater than 90°. 

Example i. — An altitude of the sun was taken at loh. 30 m. a.m.; 
the sun at the time bearing N 37° E. 

Eequired the correction for the place arrived at, after sailing 
N 58° W, 8-6 miles per hour, until 12 h. 39 m. ? 



I 


a 




h. m. 

12 39 
10 30 


2*15 hours 
8 '60 rate 

1290 
1720 


0*8 bearing . 
Ship's coarse . 

A . 

A = 95° . . . 
18-49 .... 

-i-6i . . 
60 


. . N37°E. 
. . N58°W. 

. . 95° 

cos 8*940296 
log 1-2^6937 

. . 0-207233 


Interval 2 9 


Interval 2*15 hours 


18*490 run 




-i' 36"-6 





The correction is i' 36-6," to be subtracted ""from the observed 
altitude after correcting it for dip, refraction, semidiameter, and 
parallax. 

Example 2. — ^What is the correction to be applied to an observed 
altitude, to reduce it to the second place, supposing the bearing at the 
time of observation 8 35° E, and the course and run to the second 
place, S 59° E, 20'6 miles. 



Object's bearing S 85° E 
Ship's course . S 59 E 




26° . . 


. 008 + 9*953660 


20-6 . . 


. log . 1-313867 


18-51 . . 
60 

4 


. . . 1-267527 


correction + 18' 30" -60 





This problem is used when an observation is taken on board ship, 
and after some time another observation is taken, and it is required to 
combine the results of the two observations to find the position of the 
ship at the time of taking the second observation. 
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To FIND THE Latitude and Longitude by Sumneb's Method. 

(i.) Besults deduaed from the mean of a single set of Observations. 
(2.) From tJte means of two sets. (3.) Svmners method of finding 
the Latitvde and Longitude. 

(i.) One Observation. 

1. Li the discussion of the method of finding the longitude by 
chronometer it was shown how an error in the latitude with which the 
time has been computed affects the longitude deduced from an obser- 
vation. If several latitudes not differing very greatly from the truth 
be successively employed in calculating the longitude, each latitude 
will give a different longitude ; and tf with each latitude, and the 
longitude deduced from it, a point is found upon the chart, it will be 
seen that these points lie very nearly in a straight line, whose course 
is the complement of the bearing of the object ; in other words, the 
line of position is perpendicular to the direction of the object at the 
time of observation. 

2. How does this happen ? At the time of observation the object 
must be vertically over some point of the earth's surfece, having there 
an altitude of 90° ; and if a ciffcle be supposed to be described about 
this point as a pole at the distance which the observer is from it, then 
to aU persons situate upon the circumference of this circle the ob- 
ject would have the same zenith distance, and tHe same altitude. 
A small portion of this circle in the neighbourhood of the observer's 
true position may be considered as a straight line, and this line is 
evidently perpencficular to the direction of the observed object ; and 
it is this line which has been called the line of position. 

3. Two assumed latitudes with the two longitudes calculated from 
them will be sufficient to determine the line of position^ provided the 
latitudes do not differ greatly from the truth. Let the places be 
found upon the chart, and a line be drawn through them : somewhere 
in this Ime, or very near it, the observer's place is to be found. This 
much can be ascertained from one observation. 

4. After the observation the ship changes her place ; but if from 
any point in the line of position the ship's run be laid off in proper 
direction according to the ship's course, and through the point thus 
found a line be drawn parallel to the line of position, the ship's actual 
place is still somewhere on this line. And as a ship, near a known 
coast, when her latitude has been found, is sometimes run along the 
parallel of latitude until the land is seen, and^ thus her position veri- 
fied, so in this case, by running upon the line of position, or any line 
parallel to it, the land may be recognised, and all the advantages of 
pjarallel sailing be made available, eyen without precise knowledge of 
either the latitude or the longitude. 
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5. If the observation be not immediately worked, allowance may 
be made upon the observed altitude for the run of the ship, and the 
line found from the corrected altitude when drawn upon the chart 
will pass through the present position of the ship. 



Two Observations. 

6. If a second observation of the same or any other celestial object 
be taken and treated in the same manner, another line of position 
may be drawn, which will also pass through the place of observation ; 
and therefore the intersection of the two lines will give the ship's 
place ; the latitude and longitude of which will then both be ascer- 
tained, 

7. As the place is ascertained by the intersection of two lines, it 
will be best aefined when they are at right angles to each other. 

And, as the lines are at right angles to the bearings of the objects, 
their inclination to each other is always equal to the difference of the 
bearings of the objects observed, which should therefore be such as 
will give a well-defined point of meeting, say from 45° to 135°. 

8. The method of computinff the latitude and longitude is now to 
be explained. The first altitude must be reduced to what it would 
have been if it had been taken at the same place as the second 
observation (see the problem at page 156). 

1. Assume two latitudes differing about a degree, and near 
the supposed latitude of the ship. Compute the longitude with 
each of them, first from one observaticm and then from the other ; 
thus four longitudes will have been found. 

2. The form of Tabulation will be best illustrated by an ex- 
ampla Suppose that with the assumed latitudes 5 1° N and 52° N 
four longitudes have been computed, they must then be arranged 
thus: — 



D. Lat. = 60 = D. 


With Lat. 61° N. 


With I^t. 62° N. 


Ist Obs». Longitude 
2ndOb8". Longitude 


a 
b 


t II 
33 34 40 W 
33 29 51 w 


a' 


1 II __ 

33 30 17 W 
33 31 9W 


Differences of Long. A . 
B . 


. . V 49" E 
. . 52 W 


.... 0' 53" WB 

rl" 


A + B . 


. . 5 41 = 34 



3. The longitudes are distinguished by the letters a, a', h and 
h\ to jEeicilitate references to them. The differences of longi- 
tude are marked E or W, according as the longitudes in the 
second line, h and h\ are east and west of those above them. 
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The greater difference is to be denoted by A, and the less one 
by B. The difference between the assumed latitudes is distin- 
guished by the letter D. 

4. When A and B are both E or both W, their difference 
must be taken ; but when one is E and the other W^ as in this 
example, their sum is to be taken. 

5. Either latitude may be corrected, but it will be found more 
convenient to correct that which stands over the larger difference 
A, because the rules for applying the correction can be expressed 
and remembered more easily. 

6. The formula for computing the correction of the latitude is 



AxD 



AxD 



then -r ^, when A and B are both E or both W, and t — -^g, 

A — 15 A -f- sj 

when one of them is E and the other W. 

T XI. X • X AxD 289" X 60' ,^ , „ 

In the present mstance .p = — - — y, — = 50 85 = 50 51. 

7. The correction to be applied to the latitude 5 1° N is there- 
fore 50' 51", and it is to be considered as a north difference of 
latitude if the other assumed latitude is to the north of the one 
we are correcting, and vice verm. Therefore in the example 
before us the correction is 50' S i" N. 



Assumed latitude 51 o oN 

Correction 50 51 N 

Corrected latitude .515051N 



8. The longitude is now to be found. For this purpose take 
the longitudes a and a' from the table ; find the difference of 
longitude, and call the difference C. 

9. And the correction of that longitude which stands over A in 

A X C A X C 

the table can be computed from the formula =, or - — --^^ 

A — 15 A -|- 15, 

according as A and B are of the same or different names. 



Longitude a (to be corrected) 33 3*4 40 W 

Longitude o' 33 30 17 W 

Difference of longitude = 4 33 £=263" 



Correction = ^ = ^^9 X 263- ^ 

A + B 341 ^ 
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ID. And this oorrection is to be considered as an east or west 
difference of longitude, according as the longitude not to be cor- 
rected (or that which stands over B) is east or west of the one to 
be corrected. In the present case the correction is 3' 43" E. 



_ ,. _ O » a 

Longitude a 33 34 40 W 

Correction 3 43 £ 

CJorreoted longitude 30 3^ 57W 



1 1. Or the longitudes h and V may be employed thus : 

Longitude 6 . , , 33° 29' 5 1" W (to be corrected) 
Longitude 6' ... 33 3 1 9 W 

0=1 18 = 78 W 



€orrection of 6 = ^-^ = 66" = i' 6" W 
A + B 

Longitude h = 33° 29' 51" W 
Correction = i 6 W 



Corrected longitude 33 30 57 W 

Agreeing with the former calculation. 

12. The corrections for the latitudes and longitudes which 
give the smaller difference B are . ^ and respectiyely. 

13. A little sketch will be found useful in verifying the mode 
of applying the corrections to the latitude and longitude. 

iirst distinguish the two longitudes deduced from one ob- 
servation by the letters a and a\ and the others by h and h\ as 
in the table in article 2. 

Draw two horizontal lines to represent the parallels of the two 
assumed latitudes, and four vertical lines ligMly to represent the 
meridians corresponding to the four calculated longitudes. Con- 
sider the lower of the two horizontal lines to represent the more 
southern parallel, and the vertical line most to the left as the 
most westward meridian. 

Select the most westerly longitude (in this case it is 33° 34' 40", 
and stands under the latitude 5 1°) ; make a dot at a to represent 
the place in this latitude and longitude, for this point is on the 
parallel of 51°, and also on the most westerly meridian. Pro- 
ceeding thus in order, the next most westerly longitude Q>) is 
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seen to be npon the other parallel, so also is the next (a"), and 
the most easterly (p) is on the parallel 5 1° N. 

Fig. 17. 





H 


< 


\f' 


T.aisiy 




/ 


p^ 






« 


/ 


1 


\ 


LalSt,N 


; 




i 


Rh 


^ 



The four points being thus arranged and lettered, join a a 
and 6 6', and the point P where these lines intersect represents 
the actual place of the ship. 

14. The point P, then, is to the north of the latitude S 1° N, 
and to the east of the longitude of a, 33° 34' 40" W. P Q is 
the correction of the latitude 51° N, and a Q the correction of 
the longitude a, '3 3° 34' 30" W. P Q' represents the correction 
of the latitude 52*^ N, and a' Q' the correction of the longi- 
tude a'. 

15. afc (fig. above) is the quantity denoted by A in the cal- 
culation, a! V is the difierence which is there called B, Q Q' the 
diflference of the assumed latitudes = D, and a E = C the dif- 
ference of longitude between the meridians of a and a'. Now by 
the similar triangles a P i, a' P h\ 



a!V 



a'V ^ 
a h 



PQ' 

PQ 
PQ- 



or 



or 



a h 

a' h'.+ a h 
> _i 

a h 
A + B 



+ 1- 



PQ 

P Q' + P Q 



PQ 



QQ' 
PQ 



D 

PQ 



Whence P Q, or the correction of the latitude of the parallel 
A X D 



ah - 



A + B* 

Again, by the similar triangles a P Q and a E a' 
a Q _ a R 

PQ ~71i' 



.aQ = ^,RxPQ. 
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But a E = C, E a' = D, and PQ has been shown to 
be=^-^ 



A + B' 



^ C A.D 



A.C 



D ^ A + B" A + B' 

■which i9 the formula for computing the correction of the longi- 
tude a. 

When the lines of position have to be produced to meet, the 
appropriate formulse will be found by subtracting each side of 
the equation (i) from i, which is equivalent to making B nega- 
tive, and therefore the corrections of latitude and longitude 
become 

Cor. of lat. = r-jt> and cor. of long. =^-^. 



Example 2. — Suppose that with the latitudes 1 5° o' S and 1 5° 30' S, 
the longitudps have been computed from two observations, and tabu- 
lated as under ; required the latitude and longitude ? 



D.Lat. = jo'=D. 


With Ut 15^ 0' a 


With Lat 150 30' S. 


TBt Obe". 
2nd Obs-*. 


Longitudes. 
Longitudes. 


a 
h 


* '*, ^ 
100 7 56 E 

100 28 23 E 


0' 
6' 


f i< 
100 14 2 E 
100 19 51 E 




D = 3o' 


A . . 20 27 E 
B . . 5 49 E 


B . . 5 49 E 


A — B . . 14 38 = 8 


78" 


A = 1227" 



1. Here the difference between A and B is taken, because the lon- 
gitudes h and h' are both eastward of a and a' respectively. 

2. The latitude 15° o' S will be corrected because it stands over 
the greater difference A 

3. The correction when found will be applied southwards because 
the other latitude 1 5° 30' S is to the south of the one we propose to 
correct. 

_ ... A.D 1227X30' , £_ , „a 

Cor. of lat. = -^— g = '—^ = 4i'-9 S = 41' 54 S. 

Assumed latitude 15° o' o" S 

Correction 41 54 S 

Corrected latitude ..... 15 41 54 S 

M 2^ T 
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IS'S 




j/M^i 



Longitude a loo^ 7' 56" E 

Longitude a' 100 14 2 E 



Biff. long. = 



6 6 = 366" E 



^ ., A . '1227 X 366" „ . „, „ „ 

Cor. of long. = - — - = ^-—f — = 511" = 8' 31" E 



A-B 



878 



Longitude a 100° 7' 56" E 

Correction 831E 



Corrected longitude 100 16 27 E 



Example 3. — ^From actual observation at Greenwich. 



D. Lat. 2o' = D. 


With Lat. 51° 20' N. 


With Lat 51° 40' N. 


ist Obs". 
2nd Oba". 


Longitudes. 
Longitudes. 


a 

h 


h. m. s. 
8 W 
20 E 


0' 


h. m. 8. 
11 E 
25 W 




B . . 28E 


A . . 36 W 
B . . 28 E 


D = 


20' . 


A = 36 8. C = 19 s. 1 


W A 


+ B . .64 



A D Assumed lat. . 

Cor. of lat. = . ' p = 11' 15" S Correction 

A + 15 

A C Latitude . , 

Cor. of long. = = lo- 7 s. W. 



51° 40' o" N 
II 15 S 

51 28 45 N 



Long, a' . 
Correction 



h. m. 8. 
o o II B 
IO-7W 



Long, in time 



o o 



0-3 E 
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Example 4, at length, — If on September 30th, 1855, in ktitude 
by account 15° 50' S, longitude by account icx)° 10' E, the following 
observations were taken ; determine the latitude and longitude ? 

M. time nearly. Chronometer. Gba, alt. Q 

ih. m. h. m. 8. o / #/ 

8 48 A.Br. I 14 53 42 57 40 Index error —4' 15" 

2 19 P.M. 6 45 40 51 12 14 Height of the eye 15 ft. 

On August 27th, at noon, the chronometer was slow on Greenwich 
mean time 48 m. n s., losing daily 5*5 s. 



First OheervcUion. 



Greenwich Itate nearly. 

• 


Longitude in Tim& 


1855, September 29th . 
Longitude 

September 2^it 


h. m. 
20 48 
6 41 E 

i 14 7 


100° 10' 
6h. 40 m. 40 s. 


Qreenwich Date. 


Ettor ftom Bate. 


Chronometer . . . 
Slow, Aug. 27th . . . 

Lost since 

September 29th 


h. m. 8. 

I 14 53 

48 II 

334 
3 4'3 


B. 

Daily rate - 5*5 
Days X 33*5 

Loss 3m. 4*3 8* 


14 6 8-3 


Declination, jMge IL 


Ootrection. 


Eqtiation of Thne, page tl. 


.Cottection. 


Declination 2 17 31*88 
+ 13 43*6 


+ 58*41 
X 14*1 


m. s. 

9 35-76 
+ IJ»55 

9 45*31 
Sub. from apparent time. 


+ -"eig 

X 14*1 
11-55 


2 31 15*4 
Polar dist. 87 28 44'6 


13' 43-6" 
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Correction of Olwerved Altitude. 


Computation of Time and Longitude. 


O t H 

Obs. alt . . 43 5 7 40 
Index oor. . . —4 15 


ist.— With Latitude 


15°. 






42 53 25 
Dip ... . -3 49 


/ w 

a 43 4 42 

I 15 sec 

p 87 38 45 cosec 


'015056 
' 000421 


43 49 36 
Refraction ..—11 


43 48 35 
Semidiam. . , +16 i 


145 33 27 
S 72 46 43 cos 
S - a 29 42 I sin 

33 c6 50 sin 
ees, &c. . 45"^ 53 ¥>" 


9-471387 

9'6950ii 

19-181875 

9-590937 


43 4 36 
Parallax . . +6 


True alt. . . 43 4 43 


East hour angle in degn 


; h. m. 8./, 
East hour angle in time . , .j 3 3 34*7 




September 29th 20 56 25-3 
Equation of time ..... —9 45*3 




September 39th 30 46 40*0 
Greenwich date September 29th 14 6 8' 3 


7' 56" B 


Longitude in. time . . 


• . a 6 40 3i'7 = 100° 




tod.— with Lotttude 15*^ io'. 




# If 
1 15 30 sec 
p 87 38 45 cosec 
8 73 I 43 tsos 
8 — 39 57 11^ 


•016089 

•000421 

9-465225 

9-698317 

19*180053 


East hour angle in degr< 


33 53, 47„ sin 
368, &c. . . 45^ 47' 34" 


9-590026 


East hour angle in time 


h. m. 8. 
.... 3 3 10-3 




S< 
Equation of time , . 


jptember 29th 20 56 49-7 
.... - 9 45*3 


September 29th 20 47 4-4 
Greenwich date September 29th 14 6 8*3 




Longitude in time • . • • • a' 6 40 56-1 — i 


00° 14' i"E 
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Greenwich date nearly. 



b* m. 
j355 • . September 3otli 3 ig 
Longitude .....,, 6 41 



B«ptemb«ir 19th 19 58 



Longitude In Time. 



6h. 40 m. 40 a, K 



Greeawlcb Date. 



CIironDmeter , * . 
Slow on August 17th. 



Lc^ since 



b. m. B* 

6 45 40 
4B II 

7 31 51^ 

3 5"9 



Beptembor 39th 19 36 56*9 



Ermrr from Eat*. 



Daily rate 5^5 



Loss J m. 5 * 9 fl. 



DedinatloD* pago IT. 



Declination 2 17 31 '8 S 
+ 19 4-8 



Cbnectloat 



Equ&tloti of TMoii, i^gfl IL 



OoTTlKtlOlli 



3 36 36-6 



Polar dist. 87 33 2^'4 



+ 38-41 
I9*6 

19' 4*8" 



m. It. 
9 33-8 
+ 16*0 

9 49*8 
Subi from app. tlm^. 



+ -819 
19*6 

16 8. '05 



Correction of Observed Altitudet 



Ct>inputadati of Time nud Lonfftliide, 



01m. alt. , 
Index: cor. 



51 II 14 
- 4 IS 



Dip . » . 


51 7 59 
- 3 49 


Refraction . 
S«midiameter 


5 c 4 JO 
~ 46 

51 3 34 
+ 16 I 


Par&ll&3c . , 


51 19 IS 
+ 5 


Trtie altitude 


Sr 19 30 



l&t— With Laaiude if. 



a 

J* 



SI X9 30 

x5 o o sec 

87 23 1% cosefl 



'015056 
* 00045 r 



iSi 43 53 



76 5 t 26 OOfl 



S — o 35 31 56 aitt 



18 35 



9-356750 

9*634496 

19 "006753 

9"503376 



West hour angle , 
Equation of time , 

Date at place . 
Greemvich date . 



37 10 4 
h. m. a. 
•2. 18 40 3 
- 9 49" 8 



Sept. 30th 3 18 50 '5 
St'pi :29tli T9 36 56^9 



Longitude in time & 6 4T53'S = 100^ 28' ^4" E 

/Google 
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West hour angle 
Equation of time 

Date at place . 
Greenwich date . 



and.— With Latitude 15° 30'. . 



I 15 30 o sec 

p 87 23 23 coaeo 

S 77 6 26 cos 

8 - o 25 46 56 sin 



18 30 46 sin 

37 I 32 
h. m. B. 

2 28 6«i 
- 9 49*8 



Sept. 30th 2 18 16 '3 
Sept. 29th 19 36 56-9 



•016089 
•OP0451 

9*348553 
9-638441 

19-003534 
9-501767 



Longitude in time 6' 6 41 19-4= 100° 19' 51" E 



D. Lat. 3^ = D. 



Obs. I \ Longitude in ( 
2 ) time. \ 



With Lat 15° o' S. 



h. m. s. 

6 40 3i*7E 

6 41 53'6 E 



with Lat 15° 30' S. 



a 
b' 



h, m. B. 

6 40 56*1 E 

6 41 19*4 E 



A I 21*9 E 
B 23-3 E 



D = 3o' 



A-B 



58-6 



23-3 E 



A = 81-98. = 24*48. 



A X D 81-9 X 30' 



A-B 



58-6 



= 4i'-9 8 



AxO 81-9x24-4 



A-B 



58-6 



= 34'i8. E. 



Assumed latitude 
Correction . . 

Corrected latitude 



15 o o S 
41 54 S 

15 41 54 S 



Longitude a 
Correction 



h. m. 8. 

6 40 31*7 E 

34- 1 E 

6 41 5-8B 



Longitude 100° 16' 27" B 
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To riND THE BEARINa 01^ THE ObJBOT AT THE TIME OF BITHEK 

Observation. 

1. With the assumed latitudes, and the longitudes deduced with 
them from either observation, compute the course of the line of posi^ 
Hon by middle latitude or Mercator's saiUng. 

2. Subtract this cov/rse from 90°, and the remainder is a bearing 
from the N if the course is N, 01 from the S if the course is S ; and 
towards the E if the course is W, and towards the W if the course 
isE. 

3. This bearing or the one directly opposite to it is the bearing of 
the object ; and no diflSculty can arise m actual practice in distin- 
guishing which should be taken. 

Example. — ^Kequired the bearing of the object at the time of the 
second observation in Example 4, the sun being west of the meridian 
at the time of observation ? 

I-«*"d-{^l longitude, { ;gg°f;-^f g 

Diff. latitude 30 S Diff. longitude 8 33 = 8'*55 W 

Middle lat. = 15° 15' 

_ Diff, long. X cos. mid. latitude Dep. 

Ian course = -..- - . = ^ , . 

Diff. lot. D. lot, 

Diff. long. 8''55 . . . 0*931966 90° o' 

Mid. lat. 15° 15' cos . . 9*984432 S 15 22 W 

10*916398 S 74 38 E 

Diff. lat. 30'. , , . 1*477121 orN74 38 W 

Course S 15° 22' W tan 9*439277 



Therefore the bearing is N 74° 38' W; for the sun is evidently to 
the north of the place of observation, for the declination is only about 
2° 36' 8, and the latitude 15° 42' S. 



To FIND THE Time at the Place, corresponding to either 
Observation after the Latitude has been found. 

I. Take the difference between the times at place deduced frcftn 
one observation, and call the difference G. 
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2. The correction of the time deduced with the latitude which gives 

A X C . A X C 



or 



A - B- 



the greater difierence of longitude A is . t> 

3. And the correction is additive if the time to be corrected is less, 
and subtractive if it is greater than the other. 

EoRample. — Let it next be required to find the time of the second 
observation and the error of the chronometer, in Example 4. 



Datecompnted withlat. 15° . . (meai 
Date computed with lat 15° 30' (meaB 

Correction of the time found with lat. 


Ltime) . 

Ltime) . 


- B 

X 34 
•6 


Sept. 30th 
Sept. 30th 

C 

- = 47*8s. 


h. m. 8. 

2 i8 50-5 
2 18 i6*3 


' . . . 34-2 


nearly. 



This correction 47*8 s. is to be subtracted from the first time, for as 
the time found with lat. 15° 30' is less than that with 15°, it will be 
still less for the correct lat. 15° 41' 54". (See Eule 3.) 



Mean time at place computed with lat. 15^ 
Correction 

Corrected date 

Chronometer showed at 2nd obseryation . 

Chronometer fast for mean time at place . 



h. m. 8 
Sept 30th 2 18 50 • 5 
... - 47-8 



Sept. 30th 2 18 2*7 
. , . 6 45 40*0 

... 4 37 37*3 



Questions fob ExEEctSB. 

I. On June 3rd, 1855, in lat. by account 37° 35' N, long, by 
account 19° 2& W, the following observations were taien ; required 
the latitude and longitude by Sumner's method ? 



Mean Time nearly, 
h. m. 


Chion. Time, 
h. nu 8. 


Obs. Alt. 


10 22 ▲.]!» 
2 45 P.M» 


11 44 58 
466 


64 25 4 
5048 1-5 



Index error + i' 21", height of the eye 20 feet, sun's bearing at 
the first observation S 59° 10' E, ship's run in the interval S S W 
6 miles per hour. 
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On May 20th, at noon, the chronometer was fSast on Greenwich 
mean time i m. 48* 5 s», gaining daily 4*25 s. 

Note. The answers are found with assumed latitudes 37° 20' and 
37' SO'. 

I^t. .37°39'si'' m 
Long. 19 29 59*5 Wf 

2. On July rst, 1855, in lat by account 14° 37' N, long, by 
account 70° 40' W, the following observations were taken ; required 
the latitude and longitude by Sumner's method ? 



Mean Time nearly 


Chron. Time. 


MeanofOb8.Alt.O'sL 


hw m. 


hw m. 8. 


/ H 


8 45 A.H. 


I 51 33 


42 14 21'5 


10 20 A.M. 


3 24 51 


63 19 43 



Index error + 4' 25", height of the eye 23 feet, sun's bearing at 
the first observation N 7^1° 45' E, ships run in the interval 
W b S i S S'5 miles per hour. 

On June i8th, at noon, the chronometer was fast on Greenwich 
mean time 25 m. 42 s., losing daily 7 s. 

Note, The answers are found with assumed latitudes 14° 50' N,and 
14° 20' N. 

Lat. . 14° 29' 58" N) 
Long. 70 44 54 Wj 

Data from the ^' Nautical Almanac " for the above questions :•— 



No. 


Date. 


Declination at 
Mean Noon. 


DffT.in 
I hour. 


Equation of Time 
Meaa^oon 


Dlff. in 
1 hoar. 


P2: 


I 
I 


June 2ud 
June 3rd 


t » 
22 9 30* 7 N 
22 17 13*0 N 


+ 19-27 
+ 18*30 


m. 8. 

2 25 '25 -a. t. 

2 i5*95-a.t. 


8. 
-'388 
-•404 


« 41 

15 48 


2 


July wt 


33 9 9 N 


— 10*22 


3 23-3i+a. t. 


+ •479 


15 46 



3. If, on January 2nd, 1855, in lai by account 55° 20' N, the 
following quantities be deduced firom observations made at the same 



VIZ.; — 



<}teenwlch Dates. 


True Altitudes. 


d. h. m. 8. 
January , . 2 6 38 44 
January >. 2 7 33 44 


Altair 
Vega 


/ ,1 
. ... 34 46 16 
. . . . 42 21 6 



required the latitude and longitude by Sumner's method, using the 
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data tabulated hereunder, which are taken from the '^ Nautical 
AkQaQac"for 1855? 



Corrected Rie^i Aflcensions. 


Corrected DecLinattonB. 


h. m. B. 

Altair ... 19 43 40*38 
Vega ... 18 31 59*43 


Altair ... 8 29 li N 
Vega . . . . 38 38 57 N 


. Right ascension of the mean sun at mean noon . . . . 18 46 13*81 



Ana. Latitude 55"" 16' 25" N, longitude 48° 26' W. 

4. NoY. 12th, 1858, in latitude hy account 34° 25' N, longitude 
by account 45° 15' W, the following obserYations were taken to 
determine the latitude and longitude by Sumner s method. 



an Time nearly. 


Chronometer. 


Observed Altitudee Q 


h. m. • 


h. m. 8. 


* ii 


9 25 A.M. 


I 43 10 


28 8 30 


2 20 P.M. 


6 37 25 


25 43 35 



Index error + i' 50", height of the eye 19 ft. 

On NoYcmber 2nd, at noon, the chronometer waa fast on G.M.T. 
I h. 16 m. IS s., losing daily 3 s. 

Corrected declination for the first obserYation 17^ 43' 15" -6 S, and 
the equation of time 15 m. 417 s. minus on apparent time. 

Corrected declination for the second obserYation 17° 46' 35" S, and 
the equation of time 15 m. 40*0 s. minus on apparent time. 



Sun's semidiameter i& 12''* 3. 



Ans. Lat. 34° 28' o" N. 
Long. 45° 17' 22" W. 



For additional exercises, see p. 326. 
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lYOET'S METHOD OF DOUBLE ALTITUDES, 
With Eiddlb's Modipioations. 



This Problem applies (ytily to two altitudes of the same Olject and the 
dapsed time between the Observations. 

1. The first tb'ng to be done is to prepare the altitudes and the 
corresponding times as shown by the chronometer for the application 
of the mathematical rules to which they are to be sabjected. This 
preparatory work consists in correcting the observed altitudes for the 
mdex error, dip, refraction, semidiameter, and parallax, and if the 
ship have changed her place between the observations, a correction 
on this account must be applied to the first observation as directed at 
page 1 56. Take half the sum (S), and half the difference (D) of the 
corrected altitudes. 

2. And next, the elapsed time, found by taking the difference between 
the times shown by the chronometer, should be reduced to an interval 
of mean solar time by allowing for the rate and divided by 2. 

3. Thirdly, the Greenwich date corresponding to the middle time 
must be found, and with this date the decimation and equation of time 
must be taken from the '^ Nautical Almanac." Find the polar dis- 
tance (P). ' 

4. Also multiply the " diff. in i hour " both for the declination and 
the equation of time by the half-elapsed mean time in hours, denoting 
the products by the letters c and e. 

5. Look at the column of equation of time at page II. for the month 
in the " Nautical Almanac," and if the equation of time be additive to 
mean tirne and increasing , or svbtractive and decreasing, add the cor- 
rection e to the half-elapsed moan time found by Eule 2. But if the 
equation of time be additive and decreasing, or svbtractive and in- 
creasing, subtract e, and the result is half the elapsed apparent time ; 
reduce this to arc and caU it H.* 

6. The rules above are preparatory to the logarithmic calculation 
which now commences. Compute A, E, 1, 0, from these formulae : — 

• sin A = sin P. sin H . , . 
cos E = COS p. sec A . 
sin I = cosec A. cos S. sin D . 
cos = sec A. sin S. cos D. sec I 
and generally sin lutitude = cos I. cos (E — 0) 

♦ The directions at (4) and (5) relate to observations of the sun. When a star is 
observed, the half-elapsed mean time found as directed in (2) should be reduced to 
Bidereai time by the tables given in the ** Nautical Almanac" for that purpose. 
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Note. In tropical latitudes it may happen that 

sin lat. = cos I. cos (E + 0) . . • (6) 

and therefore when the computed latitude differs greatly from the lati- 
tude by account, it should be computed by both formulae (5) and (6\ 
and that which is nearest to the latitude by account will be the result 
to be adopted. 

E is greater or less than 90^ according as P is greater or less than 
90° ; A, I, and are less than 90°. 

7. The hour angle at the middle time may now be computed. 

sin H' (= sin hour angle) = sin I. sec lat. 

This hour angle is eoM when the second altitude is greater ^ and v)ed 
when the second altitude is less than the first. 

Convert it into time, and if east subtract it from 24 hours, and the 
result is the middle time at the place nearly, and the difference between 
this and the middle Oreenwich date will be the longitude in time 
nearly. 

8. But, if the sun be observed, both the latitude and computed middle 
time will be slightly erroneous, and should be corrected for the 
change of the sun s polar distance between the times of observation, for 

^hitherto the polar distance at the middle time only has been used. 

To compute the correction of the latitude. 

Write under each other c (see Kule 4), the hour angle H' (Eule 7) 
and H (Bule 5), and compute the correction of latitude thus : — 

C = correction = c . sm H' . cosec H. 

The correction is additive when the second altitude is the greater and 
the days increa^ing in length, or when the second altitude is the less 
and the days decreasing in length, otherwise it is subtractive. 



To compute the correction of the middle Urns. 

. Compute the corrections a and h from these formulae : — 

a = C . tan lat. . cot H'. 
i =r c tan dec, . cot H. 

a — 6, or a + 6 is to be taken according as the latitude and declina- 
tion are of the same or of different denominations, and the result is to 
be added to th^ computed middle time when the days are increasing 
in length, and subtracted when they are decreasing. 

In other word:?, to be added or subtracted according as the polar 
distance is decreasing or increasing. 
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Noting always ihat the word subtraction is used in its algebraic 
sense, and that when b is greater than a, a — 5 is a negative quan- 
tity, and then subtraction means addition, and addition subtraction. 

With the middle time thus corrected, and the Greenwich date at 
the middle time, the longitude will be correctly found. 



Example i. 

It is required to compute the latitude and longitude from the fol- 
lowing observations, taken in the southern hemisphere. 



Greenwich Date, mean time. 


Observed Altitudes. 


h. m. 8. 

1855. March 9th 20 45 10 
March icth 30 16 


1 u 

QX- 31 30 
39 I 



Index error + 2' 30", and height of the eye 14 feet, the bearing 
of the sun at the time of the first observation KNE, and in the 
interval between the observations the ship ran NW b W 6 miles per 
hour. 



Greenwich Date. 


Half.elapeed Mean Time. 


d. h. m. 8. 
March 9th 20 45 10 
March icth 30 16 


h. m, 8. 
March 9th 20 45 10 
March loth 30 16 

2) 3 45 6 

I 52 33 


2) 19 21 15 26 
March 9th 22 37 43 




Declination, page II. 


Correction. 


March 9th ... 4 35 57-8 S 
— 22 7'2 


Diff. in I hour . -58-65" 
Hours past noon 22*63 

Product = 22' 7"- 2 


4 13 50*6 


South polar distance 85 46 9*4 
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Eqnatton of lime, page IL 


Correction. 


m. a. 
March 9th . . . . 10 49*70 
-14-58 

+ to App. T. . . . 10 35-12 


8. 

Diff. in I hour- -645 
Hours past noon 22*6 

B. 

Product . . . 14-58 




e. 


e. 


Diff. in I hour for de- \ '1,,^ 

clination . . . . / "58 t)5 

Half-elapsed time in hours . 1-9 

Product = 0= I II '435 


8. 

Diff. in I hourforequa- \ ..r . 

tionoftime . . . / ^^^ 

Half-elapsed time, hours . 1*9 

Product = 6= 1-2255 



The qnantities e and e are the changes in the declination and equa- 
tion of tune respectively in half the elapsed time. The quantity cis to 
be added to the half-elapsed mean time i h. 52 m. 33s. to convert it 
into apparent time, because the equation is svhtractive on mean time 
and decreasing, as may be seen by referring to page II. for the month 
of March in the '^ Nautical Almanac." 



.-. In 


Half elapsed time • 
Correction e . . . 

Apparent time . . 

arc the half-polar angle. 


• 
orH 


h..iiL 
. I 52 
+ 


8. 
1-2 


. = 1 5^ 


34-3 


= 28° 8 


33" 







The correction to be applied to the first altitude on account of the 
run of the ship between the observations may next be found. The 
angle between the sun's bearing and the course of the ship is 7 points \ 
= A; and the distance run in 3*75 hours is 22-50 miles, and 

* Correction = 22-50 x cos 7 points = 4' 24" 

to be added to the first altitude, because the angle A is less than 
8 points ; the altitude having been previously corrected, however, in 
the usual manner. 

♦ Thefcorrection found in this manner is only approximate. See Appendix (Note 3).. 
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First true altitude . 
Second. true altitude. 


• 


= 


o 
21 

38 


47 5*2 
42 37*8 


i Sum of altitudes . 


8 


= 


30 


1451*5 


i Difference . . . 


D 


= 


8 


27 46-3 


The polar distance . 
Polar angle . • . 


P 
H 


= 


85 46 9'4 
28 8 33 







With the quantities H, P, S, and D, the logarithmic calculation pro- 
ceeds as under : — 



sin 9*673635 H 
sin 9*998815 P 


0^ -. " 
28 8 33 
85 46 9 


cos 
sec 


8*867909 
•054304 




• • . • oosee •527CCO 


sin 9*672450 A 


28 3 33 


E 
A 


85 12 16 


cos 


8'9222I3 


S6C 


•054304 
9*702203 

9*995245 




sin 
cos 


s 


30 14 5'i cos 9*936442 
8 27 46 sin 9*167810 






see 


•OI647I 


I 


15 40 50 sin 9*431802 





t It 

54 5 43 


cos 


9*768223 






E-0 
I 


31 6 33 

15 40 50 


cos 
cos 


9*932567 
9*983529 






Latitude nearly 


55 31 II 


sin 


9*916096 




. . • • see '24.7000 


• 


28° 30' 59" sin 9*678892 


H\ Hour angle at the middle time nearly . 



The hour angle is east of the meridian hecause the second altitude is 
the greater, therefore, after converting it into time, it must he sub- 
tracted from 24 hours, the result is 22 h. 5 m. 56*07 s., and is the 
apparent time nearly at the place of the second observation, corre- 
sponding to the middle instant between the observations. The equa- 
tion of time is then to be applied, to convert it into mean time nearly^ 
and this will be found to be 22 h. 16 m. 3 1 * 19 s. 

N 
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The little corrections should then be computed from the three 
formulae. 

O = e X sin H' X cosec H i 

a = C X tow latUvde x cot H! 2 

h = X tan dedination x cot H 3 



I 


2 


3 


c II I '4 2*0469 
H'28° si'sin 9-6789 
H 28 8 oosec '3265 

112*8 2*0523 

C i'52"-8 

a 


C 112-8 2-0523 
Lat.55° 31' tan -1631 
H' 28 31 cot -2649 

a 302-2 2-4803 


c 111-4 
Dec. 4° 14' tan 
H 28 8 cot 

h 15-43 


2*0469 

8-8694 

-2719 


I -1882 


h 15 -4 
—6 286-8 Diff. because ] 


jat. and Deo. both S. 





The quantity a — t must be divided by 15 to convert it into time, or, 
which is the same, multiplied by 2 and divided by 30, the result is 

I9-I2S. 

In March the sun is advancing northwards, and, therefore, the 
days are decreasing in length in south latitude. And the second alti- 
tuae is greater than the first. Therefore C is to be svhtraded from 
the computed latitude. 

And (a — &) is to be svibtracted from the computed time, because 
the days are decreasing in length. 



Approximate latitude 

c 

Latitude • . 


t u 

. 55 31 II 
- I 52-8 


Mean time (nearly) 
a— 6 . . 

Corrected time . . 


h. m. 8. 
• 22 16 31-19 
. - 19-12 


. 55 29 i8-2 


. 22 16 12-07 



The longitude may now be found. 




Corrected mean date at place . . 
Greenwich date at middle time . 

Difference — longitude in time • 


d. h. m. 8. 
March 9 22 16 12-07 
• ... 9 22 37 43 


. . ■ . 21 }0*Q2 W 


Therefore the longitude • . . ^ 


. . — cO -it' 1ft". Q W 





The omission*of the corrections for the change of declination in this 
instance would make an error of very nearly 2 miles in the latitude, 
and nearly 5 miles in the longitude. 
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Example 2. 

The following are the results of observations made at the magnetic 
observatory of Hobart Town, Van Diemen's Land, January 27th, 
1852, P.M. ;— 



CShronometer. 




Altitude. 


b. m. s. 




t u 


5 22 45-1 


Q 


103 16 38 


7 3 23-8 


Q. 


68 7 42 



Each altitude being the mean of five, index error + 45", and the 
chronometer 39 m. 44* i s. fast on Ghreenwich mean time. 

From these data it is found that the Greenwich date at the middle 
time was January 26th, 17 h. 33 m. 20*5 s. 
The corrected altitudes are, 

O I u 

51 54 I7"i 
34 19 12-1 



And half their snin . 43 6 44*6 . . .8 
And half their difference 8 47 32*5 . • . D 

Half the elapsed apparent time reduced to arc is 12 34 42*6 . • . . H 

The sun's south polar distance 71 20 18 . . . . P 

The equation of time for the Greenwich date above 12 m. 54'8s. + to app. time. 

The change of the declination in the half-elapsed time . . . . 31"* 78 = 

The change of the equation of time in the half-elapsed time • . '4375 s = e 



With these quantities the logarithmic calculation proceeds as fol- 
lows : — 



«» 9*3380158 H 12 34 43 
sin 9*9765446 P 71 20 18 


cos 
see 


9'505i2i7 

•0094470 






cosee 

cos 
sin 

sin 

see 
sin 


•6854396 

9-8633307 
9-1842838 


gin 9-3145604 A II 54 26-5 


E 70 54 44 

A 

34 51 II 

E— 36 3 33 

I 32 44 23 

Latitude . . . 43 50 32 


cos 

see 

sin 
cos 

see 

cos 

cos 
cos 

sin 


9-5145687 

•0094470 

9*8346960 
9.9948661 

•0751338 

9-9141429 

9-9076315 
9-9248662 

9-8324977 


S 
D 

I 


i II 
43 6 44*6 
8 47 32-5 

3^ 44 23 


9-7330541 

•1347604 
9-8678145 


^7° 31' 35" 


H', Hour angle at the middle time 


. . . . 





H 2 
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Next for the corrections. 



C 31-78 1*5023 


C 108 3' 0320 


31-78 I'5033 


H' 47 33 Bin 9-8678 
H 12 35 ooseo -6620 


/ 

lat.42 51 tan 9-9677 
H' 47 33 cot 9-9616 

a 91-5 1-9613 


1 

dec. 18 40 tan 9*5287 
H 13 35 cot '6513 

6 48*1 1-6822 


C 108" 2-0320 


i' 48" 


h 48' I 




a 


- h 43*4 

= = 3«8b. 

15 15 





Latitude nearly 
Gdrrection . . 

Latitude . . 



. 42 50 32 
« + I 48 

, 42 52 20 



The hour angle at the middle time (nearly) H' = 47° 31' 35", and 
in time 3 h, 10 m. 6 * 3 s ; and this is west, for both observations were 
made p.m. 



Therefore apparent time nearly .... 
Correction ...... 

Apparent time at place at the middle time "i 



h. m. 8. 
3 10 6-3 
— 2-8 



between the observations . . . » . j ^ '° ^ ^ 

Equation of time . • . . + 12 54*8 

Jan. 27th 3 22 58*1 

Jan. 26th 17 33 20-3 



Mean time .... 
Middle Greenwich date 



Longitude in time east . 9 49 38 = 147° 24' 30" E 



Examples fob Exeboise. 

I. If on April 13th, 1855, in lat. by account 41° N, long, by 
account 30° W , the following observations were taken ; required the 
latitude and longitude ? 



Mean Time nearly. 


Chronometer. 


Obs. Alt ©'slower limb. 


h. m. 


h. m. 8. 


/ /« 


10 40 A.M. 


1 25 52 


53 23 7 


2 30 P.M. 


5 " 46 


44 39 7*4 



Index error -4' 17", height of the eye 31 feet, sun's bearing: at the 
first observation S 34° 46' E, ship's run in the interval NE by E 
7 miles per hour. 
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On April 2nd, at noon, the chronometer was fest on Greenwich 
mean time 43 m. 12 s., gaining 6 s. daily. 

r Latitude . 40° 50' o" N 
(Longitude 30 19 26 W 

2. If on May igth, 1855, in lat. by account 54° N, long, by account 
141° E, the following observations were taken, required the latitude 
and longitude ? 

Mean Time nearly. Cbronometer. Obs. Alt. Q's lower limb. 

h. m. h. m. 8. o i m ^ , / » 

2 10 P.M. 2 56 15 46 38 52 Index error — 3 44 

4 OP.M. 4 47 31 32 3 7 Index error- 258 

Height of the eye 34 feet, sun's bearing at the first observation 
S 50° 20' W, ship's run in the interval NNW f W 8 miles per hour. 
On May 12th, at noon, the chronometer was slow on Greenwich 
mean time i h. 53 m. 24 s., and gaining daily 7 s. 

(Latitude . 54° 20' 26" N 
iLongitude 140 56 o E 



Elements from the ^^ Nautical Almanac" for the questions above. 



No. 


Date. 


Dec. at 
Mean Noon. 


Dlff. in 
I hour. 


Eqtla. T. 
Mean Noon. 


Diff. in 
I hour. 


Semi- 
diameter. 


I 


April 13th 


8 56 38-9 N 


+54-3 


m. 8. 
37*36 
+ a.t. 


8. 

- '644 


15 58-6 


2 


Hay J8th 


* « 

19 29 29 K 


+32-85 


m. 8. 
3 50*64 
- a,t. 


8. 
- -091 


15 50-4 



For additional exercises, see p. 326. 
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DIRECT METHOD OF DOUBLE ALTITUDES. 

1 . This is merely the solution of the spherical triangles which arise 
from the consideration of the relative positions of the meridian of the 
obserrer, and the polar and zenith distances of the objects which are 
observed. It possesses this advantage over Ivory's method, that it is 
perfectly general, and may therefore be employed to combine obser- 
vations of different stars, whether taken at the same instant by two 
observers or successively by one. The quantities which must be 
known are the zenith distances and polar distances of the objects ob- 
served, and the polar angle included oetween the circles of declination 
which pass over the places which were occupied by the objects at the 
time of observation. 

2. (a.) If the Sim only he observed with an interval between the db- 

servations, the polar angle is the elapsed apparent time, 
and is to be found from the interval given by the chrono- 
meter. 

(b.) If the same star be twice observed, the polar angle is the 
sidereal interval of time. 

(<;.) If two different stars are observed by one person, the sidereal 
time elapsed between the observations must be added to 
the right ascension of the star first observed, and the 
difference between the corrected right ascension and 
the right ascension of the other star is the polar angle 
required. 

3. Denote the polar distances by p and p\ and the zenith distances 
by z and z' and J the polar angle by P. 

For the sake of more accurate distinction, the star which is furthest 
from the meridian is that whose polar distance and zenith distance 
should be distinguished by the unaccented letters. 

4. Let i(jp+j>') = A, i (z + z') = Z,andi (p + z)= C, and 
proceed to compute from these formulee. 



i(p + !>') = A 

V { sin p . Bin p' cos^P } = sin B 

V {sin(A + B).8in(A-B)} = sin^ 



. . (1) 



D is the distance between the places occupied by the objects at the 
times of observation. 
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5. Add S to A and also to Z, and denote the stuns by A', Z', and 
then compute M and N. 

V { sin A' . Bin (A' - ^0 . cosec^ cosec D } = cos M . . (2) 

V { sin Z' . sin (Z' - «') . cosec 2 cosec D } = cos N • . (3) 

, 6. Tate the difference between M and N when the zenith and 
elevated pole lie on the same side of the great circle which passes 
through the two places which were occupied by the objects at the 
times of observation ;* otherwise take the sum of M and N. Call 
the sum or difference Q. 

7. Finally, compute the colatitude, and thence the latitude, by the 
following formulas, which resemble those marked (i). 



i 0> + «) = 

aJ { sin p . sin « cos -ft } = sin D' }" • • (4) 

V { sin (0 + D') . sin (0 - D') } = sin } colatitude 



I- 



Multiply the \ colatitude by 2 and subtract the product from 90°, 
the remainder is the latitude. 



Example. 

If on August 17th, 1854, in latitude by account 40° 25' N, longitude 
by account 76° 15' W, the following observations were taken ; required 
the latitude and longitude ? 

Observed Altitudes. 

Markab 45 13 37 
Altair 57 15 55 

Index error + 3' 17", height of the eye 14 feet. 

On July 22nd, 1854, at noon, the chronometer fast on Greenwich 
mean time i h. 2 m. 13 s., gaining daily 6 s. 



ean Time nearly. 


Chronometer. 


b. m. 


h. m. s. 


10 35 P.M. 


4 34 26 


10 30 P.M. 


4 39 56 



The altitudes being corrected, the zenith distances are found, 

ZmiJQi. distance of Markab 44° 48' 54" == «; o>nd of Altait 32° 45' 6" = «. 

The declinations are next taken from the " Nautical Almanac," and 
the polar distances found, estimating them from the north pole because 
the latitude is north. 

Dec, of Markab 14° 25' 24"' 9 N Dee, of Altair 8° 29' 16"* 8 N. 

And the north polar distances are — ^ 

75° 34' 35"- 1 =P 81° 3o'43'"2 = p'. 

* And the objects may generaUy be so selected as to free this from any doubt. 
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The interral of time between the obseryations aa shown by the 
chronometer ifl 5 m. 30 s., and this shonld be conrerted in the first place 
into mean solar time bj subtracting a proportional part of the gaming 
rate of the chronometer. The hourly rate is evidently -^ seconds or 
*25 seconds, and therefore in i minute '004, and therefore in 
Sm. 30s. it will be '022 seconds; a very small quantity, for the 
interval is very small ; and subtracting it from 5 m. 30 s. the result 
is 5 m. 29 • 98 s. This must now be converted into sidereal time. 



Mean Time. Sidereal Time, 

m. s. m. s. 

5 5 0-82 

29 29*08 

•98 -98 



5 39-98 



5 30-88 



The sidereal interval is therefore S m. 30 •88 s., and this is to be 
added to the right ascension of Markab, which is the star first ob- 
served. The right ascension must therefore be now taken from the 
" Nautical Almanac." 



R. A. 0/ Markab . 
Corrected a, A. . 


h. m. 8. 
22 57 3r64 
5 30-88 


B.A.ofJltair . 


h. m. B. 
19 43 41 '73 


23 3 2-52 



From the corrected right ascension of Markab stibtract the right 
ascension of Altair {ride c), the remainder is the polar angle in time, 
half this reduced to arc is P, and will be found to be 

P = 24° SS' 6". 

The work then proceeds thus : — 



(i.) Polar Distances. 

/ // 
P 75 34 35-1 
jp'8i 30 43-2 


(2.) Zenith Distance. 
i It 
z 44 48 54 
z' 32 45 6 


(30 

t n 

P 75 34 35*1 
« 44 48 54'o 

2)C20 23 29-1 

C 60 II 44*5 


2)157 .5 18-3 
A 78 32 39-1 


2)77 34 
Z38 47 
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Half polar angle . . . . P 

Polar distance of Markab . p 
Polar distance of Altair . . p' 

Half sum of polar distances . A 


/ « 

24 55 6 cos 

75 34 35 sin 
81 30 43 sin 


9*957564 

2 


19*915128 
9*986091 
9-995217 


78 32 39 . 2) 19-896436 


Auxiliary angle . . . . B 

a + b" 

A - B 


62 34 24 sin 


9-948218 


141 7 3 sin 


9-797769 
9*439566 


15 58 15 sin 




2) 


19*237335 


Half dist. betw. the two stars J D 
Dist. between the two stars D 


24 33 23*5 sin 


9-618667 


49 6 47 






The processes described in rule (s) 


now commence 




Half dist. betw. the two stars i D 
Half sum of polar distances . A 


/ tt 

24 33 23*5 
78 32 39*1 




A' 
Polar dist. of Altair, sub. . . p' 


ro3 6 2*6 sin 
81 30 43'2 


9-988547 


A'-p' 
Polar distance of Markab . . p 
Distance between the stara . D 


21 35 19*4 sin 
75 34 35* J cosec 
49 6 47 cosec 


9*565779 
10*013909 
10*121476 




2 


)r9*6897ii 


M 


45 36 16 cos 


9*844855 


Half dist. betw. the two stars J D 
Half sum of zenith distances Z 


24 33 2J-5 
38 47 o-o 




Z' 

Zenith distance of Altair . . z' 

Zenith distance of Markab . z 
Distance between the stars . D 


6? 20 23-5 sin 
32 45 6 


9-951184 

9*706601 
10-1^1922 
10-121476 


30 35 17-5 sin 
44 48 54 cosec 
49 6 47 cosec 




2) 


19-931183 


N 


22 30 30 cos 


9*965191 





The difference between M and N is 2f 5' 46" = Q (see rule 6), 
and next, the latitude is to be computed. 
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Pnlftr diftfiuifm of MarlrAh . . .. . 




O / U 

23 5 46 

75 34 35 
44 48 54 

60 II 44'5 

49 27 43 

J09 39 27-5 
1044 1*5 

24 45 31-2 

2 


cos 9*963716 

2 


19*927432 

sin 9*986091 
siu 9*848078 

2) 19*761601 

sin 9 -880800 

sin 9*973921 
sin 9*270086 

2) 19*244007 

sin 9*622003 


S^enith diataiiGe of Markab > • > . 


• z 


Half sum of polar dist. and zenith dist. 
AnTiliftrv ATifflA . . . . ^ . . 


. 


Half colatitude ...... 


C + D' 
0-D' 


Oolatitude .... 




49 31 2*4 

90 


Latitude 




40 28 57*6 




- 





To find the Position of the Stars at the Time of Olservation. 

Find the right ascension of the meridian hy adding the mean time 
at the place to the mean sun's right ascension ; and if the right ascen- 
sion of either star be greater than the right ascension of the meri- 
dian, that star is east of the meridian. Moreover, that star is furthest 
from the meridian whose right ascension differs most from the right 
ascension of the meridian. 

In the example abore, the time at the place of observation was 
about I oh. 30 m., or half-past 10 at night. 



b. m. 

Therefore time at place • August 17th 1030 

Longitude in time 55W 

Greenwich date nearly ......... August 17th 15 35 

h. m. 

Mean sun's right ascension on August 17th, about i . . . . 9 44* 
Mean time at the place nearly 10 30 

Bight ascension of meridian nearly 20 14 

h. m. 

Therefore we have the right ascension of Markab 2257 

, , , , Meridian 20 14 

♦ , >. Altair 19 43 



♦ See sidereal time at mean noon in the " Nautical Almanac.'* 
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From this it is seen that Markab was ead and Altair west of the 
meridian. And Markab was furthest from the meridian. 



To find the Longitude at the Time of taking the Second Observation. 

We mnst first find the Greenwich date for either of the observations, 
that of Markab for instance : — 



h. m. 8. 

The chronometer showed 4 34 26 

Ohron. fast on Greenwich mean time on July 22nd . . . .1 2 13 



3 32 13 
The chronometer has gained since 236 



3 39 37 



From this it is seen that the Greenwich date is — 
August 17th, IS h. 29 m. 37 s. 

And the reason that it is 15 and not 3 hours is, that the time at 
place was about 10 h. 25 m. p.m. and the longitude in time S h. S m. W ; 
and therefore the astronomical date at Greenwich about 15 h. 30 m. 
With this Greenwich date, the right ascension of the mean sun is 
found : — 



hi m. 8. 
R. A. of mean at noon August 17th 9 42 9*13 

( 15 li 2 27-85 

Acceleration for < 29 m - 4* 76 

I 37 s ^ 

R. A. of mean O at time of observation 9 44 41 • 84 



All the other elements for the computation of the longitude by chrono- 
meter are already found, viz. — the true altitude and 'polar distance of 
Markab, and the laiitvde of the place of observation. 
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Altitnde a 45 I'l 6 

^P^f?,^ 40 28 58 sec -118843 

Polar distencep 75 34 35 coeec -013909 

3) 161 14 39 

^ 80 37 20 cos 9-212036 

^"^ 35 26 14 siQ 9-763286 

2) 19-108074 

20 59 7 Bin 9*554037 

2 ■ 

East hour angle in degrees, &c. . . . 41 58 14 

h. m. 8. 
„ in time 2 47 52-93 

West honr angle 21 12 7-07 1 

Eight ascension of Markab .... 22 57 31-64 / ^'^ " ^4 hours. 

Right ascension of meridian . 4 . . 20 9 38*71 \ ,.« 
Right ascension of the mean sun . . . 9 44 41-84 / ^"• 

Date at place .... August 17th 10 24 56*87 \ ,.«, 
Date at Greenwich , . . August 17th 15 29 37- / "™- 

Longitude m time, W 5 4 40-13 = 76° 10' i"-9 W 



Example 2: 

At Greenwich, on October 19th, 1852, the following observations 
were taken to determine the latitude : — 



Greenwich Dated. 

h. m. 8. 
October igfh, 7 46 S7*l 
October i9th» 7 59 52 



Altitudes corrected for Index error. 

Saturn 17 52 41 
Altalr 39 25 52 



Greenwich Dates. 



October rgth 
October 19th 

Interval, mean time . 



h. m. 8. 
7 46 57*3 
7 59 52 

13 54*7 



Sidereal IntervaL 



m. 8. 
12 m 12 1*97 

54 8 54-15 

•7 'JO 

12 56-82 
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B. A.ofSatnni. 



h. m. s. 
2 56 44*8 
- 5*7 

2 56 39»i 



Oorrection. 



- 7*3 

r8 

584 
5-694 



Dec. of Satuni. 



O t n 



14 7 47 N 
- 25-7 

14 7 21-3 
N.P.D. 75 52 38-7 P 



Correction. 



- 3-3 

7-8 

264 
231 

25 '74 



R. A. of Allair. 



h. m. 8. 
19 43 34-9 



Ck>rrection. 



Dec. of Altair. 



- -034 



29 6-1 N 



N.P.D. 8i 30 54 p' 



Correction. 



- -08 



Altitude of Saturn. 



Altitude of Altair. 



Bef. and Par. 



Zenith distance 



17 5i 
- 2 


41 
55 


17 49 


46 


72 10 


14 « 



Refraction 



Zenith distance , 



39 25^ 52 
- I 9 

39 24 43 
50 35 17 «' 



To find the Polar Angle. 



h. m. 8. 

R. A. of Saturn 2 56 39*1 

Siderealinterval , • . . add 12 56*8 



R. A. of Altair 



3 9 35'9 
eub 19 43 34"9 



7 26 !•© 
60 

4) 446 I o 



Polar angle in® 30' 15" 



Half polar angle 55 45 7*5= P 
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A 


Z 


C 


P 
A 


O 1 II 

. . 75 52 39 
. . 8i 30 54 

157 23 33 

. . 78 41 46 


Z . . 


1 II 
72 lo 14 

50 35 17 
122 45 31 


P 

z 




1 u 

• . 75 52 39 

. . 72 10 14 


148 2 53 
. . 74 I 26 


61 22 46 




Computation of M. 


P 
A 


* II 
55 45 8 COB 

75 52 39 sin 
81 30 54 sin 

78 41 46 2) 


9*750333 

2 


i D 54 II 55 
Add A 78 41 46 

A' 132 53 41 
Sub.jj' 81 30 54 
A'-p' 51 22 47 

P 75 52 39 

D 108 23 50 


• 

sin 9*864870 

Bin 9*892818 
coseo '013328 
coseo '022784 


19*500666 
9*986672 
9*995220 

19*482558 


B 

A+B 
A-B 


33 36 48 Bin 

112 8 34 Bin 
45 14 58 Bin 


9*741279 


M 37 56 16 


2) 19*793800 
cos 9*896900 


9*966727 
9-851367 




2) 19*818094 


. 






54 II 55 sin 
2 


9-909047 






108 23 50 


Computation of N. 


Compntation of L. 


AddZ 

Z' 

Sub. «' 
Z' - « 

D 


1 II 

1^ " ^t 

61 22 46 

115 34 41 Bin 9*955206 
50 35 17 . 

64 59 24 Bin 9*957240 
72 10 14 coseo '021376 

108 23 50 cofleo '022784 


_ 1 II 

a . 19 58 38 
p 75 52 39 

z 72 10 14 
74 I 26 


cos 9*973049 

2 


19-946098 
sin 9*986672 
sin 9*978624 

2) 19*911394 




2) 19*956606 


D' 64 33 28 


sin 9*955697 




17 57 38 COB 9*978303 
37 56 16 


C + D;i38 34 54 
0-D' 92758 


sin 9*820564 
sin 9*216071 


Q 


19 58 38 




2) 19*036635 






19 15 35 

2 


sin 9*518317 


Colat. 38 31 10 






Lat.5i° 28' 50" N 
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To find the Positions of the Observed Stars with respect to the 
Meridian. 



Mer. dist. of star = mean time at place + R.A, of mean sun - » *« II. A, 



For Saturn. 



h. m. 8. 

R. A. of mean sun at noon October 19th . . . 13 52 26*39 

Iyh I 9'oo 

46 m. . . . • 7*56 

57 s -16 

B. A. of mean O at 7 h. 46 m. 5 7 s.. .... 13 53 43* u 

Mean time at place of observation 7 4^57*30 

B. A. of meridian 31 40 40*41 

B. A of Saturn a 56 39*10 

Mer. dist. of Saturn, W of meridian 1844 i*3i 

orE ,, 5 15 58-69 

For Altair. 

h. m. 8. 

B. A. of mean sun at noon October 19th . . . 13 5a 26*39 

17 h I 9 '00 

59 m • 9*69 

52 s -14 

E. A. of mean O at 7 h. 59 m. 52 s. . . . . . 13 53 45 -22 

Mean time at place of observation . , ... • 7 59 52 

B. A. of meridian 21 53 37*22 

B. A. of Altair 19 43 34'90 

Mer. dist. of Altair, W of Meridian 2 10 2*32 



Thus it is seen that Saturn was about 5 h. east> and Altair about 
2 h. west of the meridian. 
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To Compute the Bearings of the Stars. 



To compote the bearing of Altair. 


To compute the bearing < 


)f Saturn. 


aU, 39 24 43 sec 
lat. 51 28 50 sec 
p. d, 81 30 54 

2) 172 24 27 


•I 12044 
•205665 


led. 
p.d. 

2) 


1 II 
17 49 46 sec 
51 28 50 sec 
75 52 39 


•021376 
•205665 


145 II 15 


S 86 12 13 cos 
S-p 4 41 19 cos 


8*820930 
9-998545 


r. 


72 35 37 cos 
-3 17 2 cos 


9-475884 
9-999286 


2) 


19-137184 




2) 


19-702211 


1 
21 44 

2 


9-568592 




/ 
45 13 

2 


9-851105 


8 43 28 W 


S 90 26 E 













Now let the cixcle N E S W lepresent the horizon; P, the north 
pole. Then x may be taken to represent Saturn, rather more than 
90° from the S towards the E. S D, or Z S Z D, is its azimuth. 
The other object, Altair, whose bearing is 43^° W, may be repre- 




sented by the point y, and its azimuth is S F, or Z S Z F. P y and P x 
are the polar distances of Altair and Saturn, denoted in the calcula- 
tion by p and p\ and Z y and Z x their zenith distances, denoted by 
z and z' in the calculation. The angle vFxiB that which is denoted 
by p. 

In the triangle y P a; ; P oj and P y, and the angle y P a; are known, 
and from these aj y is computed : a; y is the distance of the stars = D. 

In each of the triangles y P a? and y Z a; all three sides are now 
known, and thence the angles Pajy and Zajy can be computed; and 
the halves of the angles are denoted in the calculation by the letters 
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M and N ; and the difference of M and N is half the angle P a? Z, 
denoted by Q. 

Lastly, in the triangle P Z a; ; P a?, Z a?, and Z P 05 Z, being known, 
the colatitude P Z is computed with them. 



Examples fob Exebgise. 

1. On November 24th, 1855, in lat. by account 40° N, long, by 
account 20° 20' W, at 8 h. 10 m. p.m. mean time at place nearly, 
when a chronometer showed 10 h. 18 m. 44 s., the observed altitude 
of a Arietis was 63° 56' 37", index exfox + 4' 10", and at the same 
time the observed altitude of /8 Tauri was 30° 28' 31", index error 
— 2' 55", height of the eye 21 feet; required the latitude and longi- 
tude ? 

On November 17th, at noon, the chronometer fast on Greenwich 
mean time 45 m. 16 s., and losing daily 4*5 s/ 

Ans. Latitude 39° 51' 20" N 
Longitude 20 18 o W 

2. On April 15th, 1855, in lat. by account 49° S, long, by account 
35° 20' W, the following altitudes of stars were observed ; required 
the latitude and longitude? 



Mean T. nearly. 


Chronometer. 


Observed Altitude. 


h. m. 

9 P. If . 

9 20 p. M. 


h. m. 8. 
10 5 53 
10 23 44 


» . 011$ 
Antares . . 22 5 15 
/SCentauri . 62 31 s6 



Index error — i' 25", height of the eye 17 feet. 

Chronometer slow on Greenwich mean time on April 8th, at noon, 
1 h. 18 m. 47 a, gaining daily 6 s. 

Ans. Latitude 48° 55' 20" S 
Longitude 35 17 30 W 



Quantities from the '* Nautical Almanac " for these Questions. 



No. 


Date. 


B.A. 

m. 0at 

Noon. 


Date. 


Star's 
Name. 


R.A. 


DifF. 
for 10 
Days. 


Dec. 


Dlff. 
for 10 
Days. 


1 


Nov. 24th 


, h. m. 8. 

16 H JIO 


Nov. 17th 


a Arietis. 
/5 Taurl. . 


h. m. 8. 
I 59 3 'So 

5 17 "'62 


s. 

+0*01 
+0-22 


1 tf 

22 46 51*4 N 

28 28 58*4 N 


+ 06 
+ 04 


3 


Apr. X5th 


I J2 18-99 


Apr. nth 


Antares . 
/3 Centanri 


16 20 J2-4I 
IJ S3 J9 8r 


+0-25 
+015 


26 6 28*9 S 
59 40 20-4 S 


+ 0-7 
+ ro 



For additional exercises see p. 327 
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To FIND THE EbROK OF THE ChBONOMETER BY EQUAL ALTITUDES 

OF THE Sun. 

Definition,— The equation of equal altitudes is a correction for the 
cliange of the sun*s decHnation, to be applied to the mean of the 
times shown by a chronometer when the sun has equal altitudes a.m. 
and P.M. on a given day, to find the time shown by the chronometer 
at the instant that the sun s centre is on the meridian. It; is in fact 
half the difference between the sun's meridian distances, east and west, 
at the instants of the two observations. 

1. Find the mean between the times shown by the chronometer 
when the sun had ecj^ual altitudes. 

2. Find half the mterval, and reduce it from time into arc. 

3. Find the Greenwich date of the sun's transit as for a meridian 
altitude. 

4. Take out the declination and equation of time for this date. 
(Page I. for the month in the " Nautical Almanac") 

5. Multiply the " difference in one hour " of the declination by the 
number of hours, &c., in the half interval : call this c. 

6. Compute A and B from these formulae : — 

A = c X tan latitude x cosec half-dapsed time. 
B* = c X tan declination x cot half -elapsed time. 

7. A + B, when the latitude and declination are of contrary 
names, and A — B when they are of the same name, is the ** equation 
of equal altitudes." 

8. ** The equation of equal altitudes " is to be added to the mean of 
the times shown by a chronometer when the sun had equal altitudes 
east and west of the meridian on the same day ; provided the sun's 
polar distance be increasing ; but it must be subtracted from the mean 
of those times if the sun's polar distance be decreasing. The result is 
the time which the same chronometer showed at apparent noon, 

9. (a.) The difference between the time so found and 12 hours is 

the error of the chronometer for apparent time at the 
place of observation. 

(h) Apply the equation of time to 12 hours, which will give 
the m^an tims at apparent noon. The difference be- 
tween the result and the corrected middle time is the 
error of the chronometer for mean time at the place of 
observation. 

(c.) Apply the longitude in time to the msan time at apparent 
noon, and so find the Greenwich time. The difference 
between this and the corrected middle time is the error of 
the chronometer for Greenwich mean time. 
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Example l 

If on April 6th, 1855, in latitude 32^ 40' S, longitude 153° 2' E, 
the sun had equal altitudes at the following times by chronometer ; 
required the error of the chronometer at apparent noon ? 



Chbonombteh, 


A. M. 


P.M. 


h. m. 8. 
9 28 20 

29 59 
31 40-5 

3) 89 59*5 

9 29 59'8 


h. m. 8. 

14 33 47'5 
32 7'5 
30 27 


3) 96 22 
14 32 7*3 


Middle time by Chronomet* 
Difference ..... 


9 29 59 8 


2) 24 2 7-1 
3r. . . . 12 I 3'55=m 


h. m. 8. 
P.M. 1432 7*3 
A.M. 9 29 59-8 


^ 2 T li 


Half-elapsed time . . . 
„ „ „ in arc . 


.... 5 * / 3 

... 2 31 3-75 
, . , . 37°45'56" = ft 


Greenwich Date at App. Noon. 


Longitude in Time. 


h. m. 8. 
1855, April 6th . .000 
Long, in time . 10 8 8 E 


152° 2' E 
I oh. 8m. 88. 


April 5th . . . 13 51 52 




0*8 DecUnatlon, Page I. 


Oorrection. 


Dec. AprHsth . . 5 58 6N 
Cor + 13 7'7 


Diff. in I hour . . +56*83 
Hours past noon . . 13*86 


6 II I3-7N 


.-. Oor. . , . + 13' 7"-7 


Soutli Polar distance 96 11 13*7 



2 
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Equation of Time. 


Correction. 1 


m. 8. 
April 5th . . . . 2 51*58 
- 10*19 


Diff. in I hour 
Hours past noon 

.*. Correction 


8. 

. . - -735 
. . 13-86 


2 41*39 
Add to apparent time. 


. . 10*198. 




c = Diff. in I bonr X honrs in half elapsed time. 


56*83 X 2*5 = 142*1 nearly = c. 


A = c. tan ?. cosec h. B = c. tan d. cot. h. 


c 142*1 . . . 2*152594 
lat 32^40' tan . . 9-806971 
h 37° 46' cosec . '212931 


c 142 * I 
dec 6° 11' 
h 37° 46' 

19-87" 


• 


. . 2*152594 
tan 9*034791 
cot * 1 10840 

. . 1*298225 


148" '76 . . 2*172496 
19*87 
168"* 63 sum, because lat. S and dec 


168*63 X. i. 11 

= 1 1 • 24 sec. = equation of equal al 

+ to the middle time by chron. ( = to) because in April 1 
of the sun is increasing. 

Middle time by chronometer 

!Ejquation of equal altitudes 


titudes. 

the south polar distance 

h. m. 8. 

12 I 3'55m- 

11*24 


Time by chronometer at app. noon .... 


12 


I 14*79 






I. If the chronometer were right for app. time, the chro- 
nometer would show at noon 

But it shows 


h. 
12 
12 


m. 8. 



1 14-79 


Therefore it is fast for app. time at place . . 




I 14*79 






2. Applying the equation of time to 

Elquation of time 


h. 
12 

+ 


m. 8. 

2 41-39 


If right for mean time at place, the chronometer would 
show at noon 


12 
12 


2 41-39 A 
I 14-79 


But it shows 


Therefore the chronometer is alow on mean time at 
the place of observation 




I 26*60 








3. Applying the longitude to (A.) 

Longitude in time 

The corresponding Greenwich mean time . 

But the chronometer shows 


h. 
12 

10 


m. 8. 
2 41-39 
8 8 


I 



54 33*39 
I 14-79 


Chronometer Oow on G. M. T. tit app. noon . . 


I 


53 18*60 
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Therefore the error on apparent time at the place is i m. 14*79 s. 
fa^; on mean time at the place i m. 26*6 s. dow; and on Green- 
wich mean time i h. 53 m. i8-6 s. slow. 



Second Method. 



1. Let the altitudes be taken in the usual manner, setting the 
mdex of the sextant so that the successive altitudes may differ by 10 
minutes ; and let the observations extend at least over one degree. 

2. By taking the mean of the differences of the times, the time 
in which the altitude changes 10 minutes may be found with great 
accuracy, but if the altitudes are well taken it will be quite sufficient 
to take the difference between the times at the beginning and end of 
one degree of altitude. 

3. And as 4 minutes of time correspond to 1°, divide this interval 
by 4, and the quotient is the ratio of the change of time to the change 
of altitude. Let this be denoted by A. Or if the change of altitude 
should be half a degree, the interval must be divided by 2. 

4. Find the change of the declination in the half-elapsed time, as 
before directed ; reduce it to time ; multiply it by A ; call the pro- 
duct B. 

5. Then the equation of equal altitudes is computed as follows — 

A X COS declination = cosec 8. 

B X cos 8 = equation of equal cdtitudes. 

S = the angle between the sun's zenith distance and his polaii 

distance. 
And the equation of equal altitudes is in seconds of time 

6. The equation of equal latitudes is (generally) additive when the 
polar distance is increasing, and subtractive when the polar distance 
is decreasing ; and is applied to the middle-time as determined by the 
chronometer. 



Notes on both Methods. 



1. In the tropics, when the sun's declination exceeds the latitude 
of the observer, and is of the same denomination, the sun's azimuth at 
his rising first decreases, and, after attaining the minimum value, 
increases ; and again, after he has passed the meridian, his azimuth 
first decreases, and again reaching a mininiuTn value, it increases 
until he sets. 

2. At the minimum points the azimuth neither increases nor 
decreases ; the angle S = 90°, and the equation of equal altitudes 
vanishes. 
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3. If the observations are taken in the morning before the sun 
attains his minimum azimuth, and in the afternoon, after he has 
passed it, the equation of equal altitudes retains its ordinary sign ; 
and is plus when the polar distance is increasing, and minus when 
the polar distance is decreasing. 

4. But if the observations are taken between the points of minimum 
azimuth, the ordinary rule is reversed, and the equation of equal 
altitudes is plus when the polar distance is decreasing, and minus 
when it is increasing. 

5. The first method of computing the equation of equal altitudes 
distinguishes the different cases by the relative values of the two parts 
A and B. 

A is always greater than B in the temperate zones, and the common 
rule holds good. 

In the tropics when A equals B it indicates that the observations 
were taken at the times when the sun was at his minimum azimuth ; 
and when B is greater than A, the observations are taken between 
the points of minimum azimuth, and the rule is reversed. 

6. If the second method of computing the equation of equal alti- 
tudes is used, the critical cases in the tropics must be watched by 
observing the changes of the sun's bearing when the altitudes are 
taken. 

If in the morning the azimuth decreases, and in the afternoon 
increases, the ordinary rule holds good, but if the reverse is observed, 
the rule must be reversed ; and the equation will be additive when 
the polar distance is decreasing, and subtractive when the polar dis- 
tance is increasing. 

7. The equation of equal altitudes under these circumstances will 
generally be very small. In the first method both A and B will be 
small and of contrary signs ; and in using the second method S will 
be nearly a right angle. 

Example, — On March i8th, 1858, at Gorden Island, Sydney, in 
latitude 33° 51' S, longitude 152° E, the following observations were 
taken, to find the error of the chronometer : — 



A. M. 





P. M. 


h. m. 8. 
12 37 9 

38 12-7 

39 15-5 

40 20* 2 


n t 

90 
20 
40 

91 


h. m. B. 

16 55 42 
54 39'5 
53 34*5 
52 30-4 


Means 12 h. 38 m. 44*35 s. 




16 h. 54m. 6-6 8. 
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While the double altitude changed i°, or the altitude half a degree, 
, the time changed 3 m. 1 1 '4 s. = 3 • 192. 

And, dividing this by 2, because 2 minutes correspond* to 1°, we 
have A = I • 595. 



Declination at noon 1° 6' 41" '2 8. 
Half the interval 



Difiference in t hour = 59*29 
2 h. 7 m. 41 • I 8. = 2 • 128 hours. 



Hence the change of declination in the half-elapsed time = 8 • 1 26 s., 
and I -595 X 8*126 s. = 12*96 s. = B. 



A X Cos dec = Cosec S. 


B X Cos S = e. 


A . . 1*595 . . 0*202761 
Deo . 1° 7' Cos. 9*999918 


B . . 12*965 . 1*112605 
838^50' . . Cos 9*891523 

«= 10*15 . • • 1*004128 


838° 50' . Cosec 10*202679 



And the equation of equal altitudes is plus^ because the polar 
distance is increasing. 



b. m. 8. 
A.M. . . . 12 38 44*35 
PJVI. ... 16 54 6*60 



2) 29 32 50*95 

14 46 25*47 
+ 10*10 

^4 46 35 '57 



And therefore the chronometer is fast on apparent time 
2 h. 46 m. 35 • 57 s. at the place of observation. 

In each of the following examples the equation of equal altitudes is 
required : — 



No. 


Dirte, I85^ 


Interval. 


Latitude. 


Loniritmte Equation of 
i^ongwme. equal Altitudes. 




Sept. ist . . 
March 5th . . 
Nov. 27th . . 
April 25 th . . 
Sept. 4th . . 
Sept. 9th . . 


h. m. 8. 

7 46 35 

8 29 28 

3 45 4 

4 58 41 
7 15 21 

5 44 26 


46 50 N 
3834N 

23 4 N 
16 8 

24 30 s 
61 26 N 


_ 

19 E 

III W 

152 E 
87 W 

29 w 


8. 

+ i6-3 
7 15*5 
+ 5-6 
+ 6*4 

- 8-7 
+ 28-1 



Sun's declination from the '* Nautical Almanac," for these exercises 
is as follows : — 
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No. 


Declination of Apparent Noon. 


Dlff. in I hour. 


6 


3i8t August . . . . 8 46 i8*3N 
5tli March .... 6 8 57-7 S 
27th November . . . 21 5 52*9 S 
24th April . . . . J2 46 II-2N 
4th September . . . 7 18 49 N 
9th September . . . 5 26 46-3 N 


- 54-18 

- 57*95 
+ 27-20 
+ 49-28 

- 55-47 

- 56-78 



Reqmred the Error of the Chronometer at Noon. 

I. If on June 25th, i855,in latitude 13° 9' S, and longitude I4S'*E, 
the sun had equal altitudes a.m. and p.h.^ when the chronometer 
showed — 



A.M. 
h. m. s. 
9 52 15 



F.M. 
h. m. 8. 
2 I 56 



required the errors of the chronometer for mean and apparent time 
at noon ? 

Ans. Slow for app. time, 2 m. 55 s. ; 
Slow for mean time, 4 m. 59 ' 9 s. 

Note, — The sun's declination on June 24th, at apparent noon, 
23° 26' 20" -8 N. Diff. in i hour - 3" -07. 

The equation of time at apparent noon {add to apparent time) 
I m. 57 • 32 s. Diff. in i hour -f • 532 s. 

2. If on May 12th, 1855, in latitude 14° 40' S, longitude 145° 23' E, 
the sun had equal altitudes a.m. and p.m., when the chronometer 
showed — 



A.M. 
h« m. 8. 
9 41 40*2 



P.M. 
h. m. B. 
II 46 10*6 



required the errors of the chronometer for mean and apparent time 
at the place of observation at noon ? 

Ans, Slow for apparent time, i h, 1 5 m. 59 s. 
Slow for mean time, i h. 12 m. 7 • 8 s. 

Note. — Sun's declination on May i ith, at app. noon, 17° 48' 27" • 6 N 
Diff. in I hour + 38'' -39, 

Equation of time at apparent noon (swJ. from app. time) 3 m. 50 • is. 
Diff. in I hour + • 076 s, 

3. If on October 8th, 1855, the sun had equal altitudes at the fol- 
lowing times by chronometer, required the error of the chronometer 
at apparent noon for mean and apparent time ? 

Latitude 32° 3' 18" S, longitude 115° 44' E. 
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Ohbonoxxtek. 


A.M. 


P.M. 


h. m. 8. 
9 55 25-5 

56 i8-5 

57 10 

58 4 
58 56-7 


h.:m. B. 

J5 23 13 -7 
22 22*5 
21 28-5 
20 36-7 
19 42*5 



Note, — Sun's decimation on Oct. Tth, at app. noon, 5° 23' is"'9 S. 
Diff. in I hour + 57" 'SO. 

Equation of time at app. noon {svb. from app. time), 12 m. i • 90 e. 
Diff. in I hour + o • 703 s. 

Ans. Fast for app. time, 39 m. 11 s. 
Fast for mean time, 51 m. 24*63. 

For additional exercises see p. 327. 



To FIND THE ErROB OF THE CHRONOMETER BY EQUAL ALTITUDES 

OF A Fixed Star. . 

1. Take the mean between the times shown by the chronometer 
when the star has equal altitudes east and west of the meridian ; and 
thus will be found the time by the chronometer when the star passes 
the meridian. 

2. Compute the time of the star's meridian passage as directed at 
page 109. 

3. And the difference between the time by chronometer found by 
rule I and the correct time found by rule 2 is the error of the chrono- 
meter. 

Example. 

If on June loth, 1855, in latitude 40° 10' N, and longitude 
30° 40' W, equal altitudes of Altair were taken when the chronometer 
showed as undermentioned ; required the error for mean time at the 
place of observation when the star passed the meridian ? 



Altair east of meridian . ^ . . 


Chron. Time, 
h. m. B. 

I <:4- 4.1 \ A- n ■, n. 


*. west . . ... 4 


: : : 7 *;{j.6j *»•»«« ofe^^^'ifa- 


Time by chron. of star's transit . . 


2) 9 8 29*6 
. . . 4 34 14*8 
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To FIND THE Tims op tbs Stab's Tbaksit. 


Altair*8 R. A. on June loth . 




h. m. 
. IQ 4? 


8. 

44 
6 

38 
40 W 


Mean Q's K. A. June loth 




. . ? I? 


Date at place nearly . • . . 


• . . Jun 


e icth 14 30 
. .4-22 


Lonflritude in time 




Greenwich dute nearly 


. Jun< 




3 loth 16 33 


18 










Mean Sun's BA. 


aore accnrately. 






Mean sun's B. A. June loth 
i6 h. . 




h. m. s. 
5 13 6-i6 

2 37-70 

5-43 
•05 

5 15 49*33 




Acceleration for 33 m. - 

l8 8. . 




Mean sun's R. A. corrected 




Error of the Chronometer. 


Allans R.A 

Mean0'8R.A 

Corrected date of place . . June loth 

Therefore the chronometer should show . 
But it shows 


h. m. 8. 

19 43 44-15 
5 15 49*33 


ast 


14 27 54-82 

2 27 54*82 
4 34 14*80 


Error of chronometer for mean time atl 
place, when the star passed the meridian / 


2 6 19-98 f 



To COMPUTE THE AlTITUDE OF A CeLESTIAL ObJBOT. 

The quantities with which the compntation is made are the co- 
latitude of the place, the polar distance^ and the meridian distance of 
the object. 

To find the polar distance of the sun or moon a Greenwich datie is 
necessary ; and to find the meridian distance, if the object be the sun, 
the apparent time from noon is the meridian distance^ and for any 
other object it is 

Jtfer. Ditt, = Mean Time at place + Mean 0*sjB. A,^E, A. ofdtjecL 

And the rules for calculating the altitude are as follow : — 
I. Find the Greenwich date. 
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2. Take out the decimation of the sun and the equation of time, 

or the right ascension and decKnation of the moon or star, 
and the right ascension of the mean sun. 

3. Find the meridian distance or hour angle = h. 

4. Find half the sum of the polar distance and colatitude. 

J {polar distance -j- colat,) = A, 

5. Compute the angle B from this formula — 

Sin B = j^ { sin polar did. x sin cdat ,x cos * i hour Z } 

6. Compute half the zenith distance. 

Sin i zenith disL = V {^in {A + B) .sin (A — J5).} 



Example i, — Find the altitude of the sun on April i8th, 1855, at 
9 h, 25 UL A.M,, at a place in latitude 26° 18' S, longitude 51° 28' E. 



Greenwich Date. 


Longitude. 


d. h, m. R. 
1855, April . . . 17 21 25 

Longitude in time . 3 25 '5 2 


< 
51 28 E 


205 52 

3h. 25 m. 528. 


1855, AprU . . , 17 17 59 8 




Declination N. 


Correction. 


April 17th • ... 10 22 36-1 
+ 15 48-2 

10 38 24-3 


+ 52-68 
18 


42144 
5268 

948-24 
i5'48"-2 


South polar distance , 100 38 24-3 






Equation of Time. 


Correction. 


m. B. 

+ toM. T 22-42 

+ 10-51 

32-93 


+ -5848. 
18 


4672 • 
584 

+ 10-512 
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Hour Angle =^ 


A = i (co-lat + polar distance). 


h. m. 8. 
Mean Time . . . . si 25 o 
Eq. T + 032*9 


Latitude .... 26 18 8 


Golatitude . . . . 63 42 o = r 
South polar distance . loo 38 24 =2? 

164 20 34 

A= 82 10 12 


App. Time . . . . 21 25 32-9 


Eaathotir angle. . . 23427*1 

4) 154 27 6 
Honr angle . . . 38° 36' 46" 
Half hour angle . . 19 18 23 


SinB=>/ { 8ini).8inI.'co8«iA } 
Sin i Z. D.= ^ { Bid (A. + B) sin (A-B). } 


Half hoar angle lo 18 2? coa q*q7a867 




2 


Polar distance ...... 


19*949726 

. TOO 28 24 flin Q*QQ2iL68 


Golatitude . . 6^ 4.2 sin q*q<:2C44. 


A 82 10 12 2) 19*894738 


B 62 21 ?o sin q*q4.7^6q 


A + B 144 ?i 4.2 sin Q' 76 365? 


A — B I Q 4.8 42 sin Q'??oioo 


2) 19-293762 
i Zenith distance ^6 lo 26 sin 0*64.6881 






Zenith distance 


C2 5Q 12 


• Altitude . 37 20 48 





Example 2. — Eequired the true altitude of Algenib, on Oct. 26th, 
i^SSj at 3 h. 10 m. 24 s. A.M. mean time, in latitude 40° 24' N, and 
longitude 32° 18' W? 



Greenwich Date. 


Longitude in Time. 


h. m 8. 
October 25th . . . . 15 10 24 
Longitude in time W . . 2 9 12 


t 

32 18 W 
2 h. 9 m. 1 2 8. 


October 25th . . . . 17 19 36 
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♦ '8R.A. 


«'BDec. 


h. m. 8. 
B. A o 5 49*20 


14 22 59'6N 
North polar distance 75 37 0*4 


Bight AaoeiiBloD oTMeaa Q, 


Sidereal time at mean noon, October 25th . . 

{17^ 

Acceleration for < iq in- . 


h. m. B. 
. 14 13 14*31 
2 47-56 
3-12 

•10 


I 36 


3 . . 

tan C^ ... 


Bight Ascension of mc 


• 14 16 5*09 


**** v^ . • • . . • 


Hour Z = Mean Time + B. A . Mean O - ♦ 


'BR.A. 


Mean time at place 
Mean snn's right asc 

Bight ascension of n 
Bight ascension of A 




h. m. •. 
15 10 24 
14 16 5*09 

5 26 29*09 
5 49-20 


/Cnsion 


leridian 


ilgenib • 


istance 


Westerly meridian d 
The same rednced to 


5 20 39-89 
80° 9' 58" 


arc . . . ■ . 






Half hour anorle 


40 4 59 






To Ccmipiite the True AlUtade. 


Latitude . , 40 24 N 


i II 
i Hour Z . 40 4 59 
N. P. D. . 75 37 
Oolat. . . 49 36 

A . • 62 36 30 
B . . 41 4 55 


2 COB 19*767450 
sin 9*986169 
fiin 9*881692 

2) 19*6353" 
sin 9*817655 


Colat. . . . 49 36 
Polar distance 75 37 


2) 125 13 
A . . . . 62 36 30 


A+B . 
A-B . 


. 103 41 25 
. 21 31 35 

36 39 40 

2 


sin 9*987483 
sin 9*564586 

2) 19-552069 

sin 9' 776034 


Zenith distance . .... 
True altitude 


. 73 19 20 
. 16 40 40 
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EoMzmple 3. — Eeqnired the true altitude of the moon on November 
17th, 1854, at 5 h. 16 m. 44 s. a.m. mean time at place of observa- 
tion, latitude 38° 58' 30" N, longitude 175° 16' 40" E? 



Greenwich Date. 


Longltade in Time. 


h. m. e. 

November i6th . . . 17 16 44 
Longitude E . . . u 41 6*7 


1750 16' 40" B 
II h. 41m. 6 8. 40 th. 


November i6th . . . 5 55 37*3 






Correction. 


Declination at 5 h. . 36 23-4 N 
Correction .... -8 44*5 

27 38'9N 
North polar distance . 89 32 21*1 


Diff. in 10 m. . . . — 147-25 
Minutes .... 35*62 

^Product .... 524*5 

Correction ... -8' 44"*? 






J's Right Ascenalon. 




h. m. B 
B. A.at5 h. . . . 12 32 9'i4 
Correction .... i 8*64 


8. 

Diff. in I hour. . . + 115*61 

I min . . . 1*927 
Minutes 35*62 


B.A 12 33 17-78 


Product . . . . + J m. 8*648. 


Mean Son's Bight Ascension. 


h. m. B. 

Sidereal time at mean noon, Nov. 1 6th . 15 40 55*57 

5 li 49*2b 

Acceleration for ? <; m. . - - - - 5*7^ 


?7*? s . 


•10 






MpftTi sTiTi's riorht ascension. 


- TC AT «0*70 




HourZ = Mean Time + Mean 0*8 B-A. - J's R A. 


h. m. s. 
MAnn tirriA fit nlace I7 l6 A4. 


Mean ©'s R. A. . . . 


15 41 50*7 


"R A nf mpridifln 


Z2 C8 ?4.'7 


P A nf+hpmoon. . . . . . . I2?3I7*8 


Westerly meridian dist. of the moon . . 202516-9 
(From 24 hours) East hour angle , . 3 34 43* i 

The same in arc 53''4o'46" 

Hnlf hour anffle 26 50 2? 
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To Compute the Tme Altitude. 


• 






O / « «.. 


0, ' ** 






Latitude 


. 38 58 30 N 


1 Hour Z. . 26 50 23 


2 C08 


19.900994 






Polar distanceSg 32 21 


sin 


9.999986 


Colat. . 


. 51 I 30 


Colatitude 51 i 30 


sin 


9-890656 


Polar dist 


. 89 32 21 
2)140 33 51 


A . . 70 16 55 




2) 19-791636 






B . . 51 52 47 


sin 


9-895818 


A. . . 


. 70 16 55 












A+B . . 122 9 42 
A-B . . 18 24 8 


sin 


9-927653 
9*499255 






sin 










2) 19-426908 




Zenith distance 
Tnie altitude . 


31 7 43 

2 


sin 


9*713454 


62 15 24 


27 44 36 



Examples for Exercise. 



1. January 24th, 1854. at 2 h. 33 m. 14 s. p.m. mean time at place, 
lat. 49° 30' S, long. 111° 10' W; required the true altitude of the 
sun's centre ? 

Declination at mean noon S 19° 12' 45"* 3, diff. for i hour - 36"-63 
Equation of time „ - 12 m. 24-33 s., „ H--587S. 

Ans. 48° 38' 8". 

2. October 17th, 1854, at 9 h. 28 m. 15 s. a.m. mean time at place, 
lat. 66° 12' S, long. 114° 00' E; required the true altitude of the 
sun's centre ? 

Declination at mean noon S 8° 52' 32"* 6, diff. for i hour + 55"' 18 
Equation of time „ + 1 4 m. 20- 62 s., „ + - 5 10 s. 

Ans. 28° 16' 9". 

3. July 20th, 1854, at II h. 29 m. 30 s. p.m. mean time at place, 
lat. lo'' 18' N, long. 48^ 27\W; required the true altitude of 
Markab? 

*'s declination on the 20th, N 14'' 25' i8"-8, diff. for 10 days + 2"- 3 

Sidereal time at mean noon, 7 h. 5 r m. 45 * 5^ s. 

#'8 right ascension, 2Qth, 22 li. 5 7 m. 31 '09 » > diff for 10 days + • 23 s. 

Ans. 37'' 43' 24". 
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4. November 8th, 1854, i h. 57111. 10 s. a.m. mean time at place, 
lat. 28° 50' S,l<*ng. 1 14° 12' E ; required the true altitude of Sirius? 

*'s declination on the 7th, S 16° 30' 58"-5» diff. for 10 days + 2"-o 
*'s right ascension „ 6 h. 38 m. 45*20 s., „ + '278. 

Sidereal time at mean noon 15 h. 5 m. 26*57 s. 

Ans. 64° 54' 58". 

5. July i6th, 1854, at i h. 58 m. 20s. a.m. mean time at place, 
lat. 14° 50' S, long. 115° 20' W; required the true altitude of the 
moon's centre ? 

i*s declination at 21 hours N 2° 53' 30" -4, diffl for 10 m. + 144"* 63 
i*s right ascension ,, i h. 3 m. 26*53 s., difference for i hour 

+ I m. 57*59 8. 

Sidereal time at mean noon 7 h. 32 m. 2 * 77 s. 

Ans. 34° SO' 40". 



i 



6. August 27ih, 1854, at 5 h. 57 m. 12 s. p.m. mean time at place, 
lat. 27° 12' N, long. 54° 13' E; required the true altitude of the 
moon's centre ? 

J)'8 declination at 2 hours S 4° 25' 38"*5, diff. for 10 m. + i43"*o7 
])'s right ascension ,, 13 h. 12 m. 44*91 s., difference for i hour 
+ I m. 56*49 s. 
Sidereal time at mean noon 10 h. 21 m. 34*68 s. 

Ans. 35° 6' 28". 



To COMPUTE THE APPARENT ALTITUDE OF A HeAVENLY BODY 
WHEN THE TeUB AlTITUDE IS KNOWN. 

The corrections must be applied in reverse order and with signs 
contrary to those with which the true is deduced from the apparent 
altitude. 

(i.) For the sun, — i. Subtract the parallax in altitude (Table IV.) 
from the true altitude. 

2. Enter (Table V.) and take out the refraction, and if the alti- 
tude is small, add it mentally to the altitude and enter the 
table a second time with the result, and this time add the 
refraction which is taken out to the altitude. The result is 
the apparent altitude of the sun's centre. 

(2.) For a fixed star, — i. Add the refraction, using the same pre- 
caution as above directed. 

(3.) For a planet, — i. Find the horizontal parallax in the " Nautical 
Almanac," and then the parallax in altitude in Table X., 
subtract the parallax in altitude from the true altitude. 

2. Add the refraction. 
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(4.) For the moon, — i. Find her horizontal parallax, and then 
compute her parallax in altitude, first with the true altitude 
from this equation. 

Cos true alt, x hor, par, = par. in alt, (nearly). 

Subtract this parallax from the altitude, and re-compute the 
parallax in altitude ; 

Cos corrected alt, x hor, par, = par, in alt. 

The parallax in altitude thus found must now be subtracted 
from the true altitude. 
2. With the remainder take out the refraction as above directed, 
and add it to the corrected altitude, the result is the appa- 
rent altitude. 

When the object of the computation of the true and apparent altitudes is to reduce 
the measured lunar distance to the true luoar distance, or that which would be 
measured by an observer at the earth's centre, there should in strictness be applied 
another correction for the spheroidal foim of the earth. For the computation of tliis 
correction, whiph is generally neglected in nautical practice, the foUowing short 
summary of rules will suffice : — 

1. Compute the azimuth. 

2. Find the correction of the zenith distances or altitudes from this formula : — 

Angle of vertical X cob azimuth = correction. 
The angle of the vertical wiU be found in Table XII. 

3. Subtract the correction, when the azimuth exceeds 90°, from the true altitude 

previous to its correction for parallax, &c., Ac, but add the correction 
when the azimuth is less than 90°. And tlie result is the redu^d altitude. 



To Oleab a Lunar Distance from the Effects of Parallax 

AND KeFRACTION. 

1. Write under each other in order, the apparent altitude (s) of 
the sun or star, the apparent altitude (m) of the moon, and the appa- 
rent distance (d), divide their sum by 2, and from the half sum (X) 
subtract the apparent distance, call the remainder (X — d), 

2. Under (X — d) write the true altitude (S) of thjB sun or star, 
and the true altitude (M) of the moon. 

Also take half the sum of M and S, and marl it A. 
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3. Compute B from this formula : — 

sin B - tj \sec m . see 8 . CO8 X . cos (X— d) . cos M cos S}. 

4. Bring B out under A, and take their sum and difference. 

5. Compute the true distance from this formula : — 

sin J iriie dist = V jci/s (.4 + B) . cos (-4 — J5)} 

Example i.— Given the quantities as under, it is required to com- 
pute the true distance. 



Apparent Altttudos. 

Q I U 

O 18 22 13 
]) 13 21 2T 



True Altitudes. 

O 18 19 30 
B 14 15 24 



Apparent Distance — C 

O I It 

6i 19 49 



SinBszjJ [ teem ten toot X .CM 


{X:-d)cMMcoiS} 




il=:i(if+5^ 


Hn^D^y/ { 00* 


iA^B).coiiA 


-B)} 




AnTMrPTit ftlt (^ 




.... 8 


18 23 13 
13 21 21 
61 19 49 


sec 
sec 


•022716 
•011907 


I dist. \ 




. 7» 


- . 


. : . . rf 


2)93 3 23 


\ sum . . . 
1 sum — dist. 


• • . 


.... X 
X-d- 


46 31 41 

14 48 8 


cos 
cos 


9*837588 
9-985343 


True alt of C^ 




. . . . s 


18 19 30 
14 15 24 


cos 
cos 


9*977398 
9-9864x4 


» D 


. . . 


. . . . M 


Sum 32° 34' 54"; 


\ sum 


.... A 


16 17 27 


2) 


19-821368 






B 


54 29 58 


Bin 


9-910683 






A + B 
A-B- 


70 47 25 
- 38 12 31 


008 
008 

2)" 


9-517232 
9-895292 

19-412524 


\ true distance 
Tnie distance . 






30 33 42-2 

2 


sin 


9-706261 


• • • 


. . . . r 


) 61 7 24-4 



A good deal of trouble may be saved in the calculation by the fol- 
lowing method :— 

I. Take away the seconds from the apparent altitudes, deducting 
at the same time as many seconds from eacn of the true altitudes. 
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2. Take away the seconds from the apparent distance, if the snm 
of the minutes, after adding np the apparent altitudes and apparent 
distance, will then be an even number ; or make that snm even by 
adding! as many seconds as thQ distance wants of the next minute. 

3. Then proceed with the logarithms as before directed. 

4. Be careful to correct the computed distance by adding as many 
seconds as were rejected, or by subfradinff as many seconds as were 
added to the apparent distance. 

The example which follows is the same as that which is given above, 
and it will be seen that 1 3" have been subtracted from the apparent 
and true altitudes of the sun, and 21'' from the apparent and tme 
altitudes of the moon ; and that 49" have been rejected from the appa- 
rent distance, and added again to the computed distance. 

The seconds are thus avoided in a considerable portion of the cal- 
culation. 





To COXPUTB 


THE Truk Distance. 






Apparent alt. O 
„ dist. j) 


. 


/ « 

. . 8 18 22 

, . W 13 2T 


sec 
sec 

cos 
cos 

00:J 
COS 

sin 


•022707 
•011897 

9-837679 
9*985347 
9-977407 
9-986425 

19-821462 

9-910731 


-0 . . . 


. . d 61 19 


2)93 2 

. . X 46 31 


1 siini — dist • 




. X - d - 14 48 
S 18 19 17 


True alt. of O . 
Sum 32^34' 20"; 




) sum 


. M 14 15 3 


. A 16 17 10 
B 54 30 30 


Seconds rejected 
True distance . 




A + B 70 47 40 
A - B -38 13 20 

30 33 18 
2 


COS 

cos 
sin" 


9-517^1 
9-895211 

19-412353 
9*706176 


61 6 36 

+ 49 

. D 6r 72? 









Agreeing with the former calculation, within a few Cloths of a 
second. 
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Example 2. — Given the quantities undermentioned, to compute the 
true distance of the sun and moon. 



Apparent Altitudes. 

o / // 

© 22 58 OS 
]) 36 44 om 



Trae Altitudes. 

O I u 

© 22 55 54 8 
J) 37 26 57 M 



Apparent l)lstanc4^. 

o i t$ 

102 40 o d 



Sin B^jJ ^tecmtec ton X .coi(^X-d)cos Mcos S^ 
A = iC^+S); siniD=^ { cot {A + B) .cos {A^ B) } 


Apparent alt of © « 

diet. ©-D . . . . . d 
2)' 
1 sum ••••.•••.•X 


1 n 

22 58 
36 44 
102 40 


sec 
sec 

cos 
cos 

cos 
cos 

2) 
sin ' 


•035867 
•096136 

9*185466 
9-968728 

9-964246 
9-899762 

19-150205 

9-575102 


162 22 

81 II 
-21 29 


} sum - diflt X — d - 

True alt. of© S 

5 M 

Sum 60° 22' 51" ..... J sum A 

B 


22 55 54 
37 26 57 

30 II 25 
22 4 54 


A + B 
A- B 

i trae distance . 

True distance ....... D 


52 16 19 
8 6 31 

51 6 29 
2 


cos 

COS 
2) 

sin 


9-786691 
9*995637 

19-782328 
9-891164 


102 12 58 



By commencing with the true altitudes and true distances, and 
writing the apparent altitudes where the true altitudes now stand in 
the calculation, the same form will enable us to compute the apparent 
distance back again, and so verify the work. 

Adding 6" to S and s, and f to m and M, and 2" to D to be 
rejected again at the end, the tabulation stands thus : — 
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True altitude ol 
distance 

Sum 59° 42' 9" 


^n 




. . . 8 


22 56 

37 27 
102 13 







sec 
sec 

cos 
cos 

cos 
cos 

2) 
sin 


•035760 
• 100243 

9*179726 

9*970394 

9*964128 
9-903859 

19-154110 
9*577055 


I- 


'©' *. 


. . . M 
. . . D 

2) 

X 
D-X 

8 

m 
. . . A 


162 36 

81 18 
20 55 








22 58 
36 44 

29 51 
22 II 


6 

3 

4-5 

io*8 






B 


Deduct for the 2" wt 
Apparent distance 


ich were 


A + B 
A- B 

added . . 


52 2 15-3 
7 39 537 

51 20 1-8 
2 


cos 

c^s 

2) 

sin 


V 

9*788977 

9'996i02 


19-785079 
9*892539 


102 40 


3*6 
2 


102 40 


1-6 











Examples for Pbactice. 



I. 


Apparent Altitudes. 




True Altitudes. 


Apparent Central Distance. 


m 

8 


i 11 
5f 37 46 
27 34 51 




M 

S 


O' / // 

52 13 20-8 
27 33 10 
True distance 


d 
..D 


t n 

53 39 24*2 
53 40 5T8 


2. 


m 51 28 56 
8 59 18 45 




M 

s 


55 18 33 
59 16 45 
True distance 


d 32 13 25 
.,D 31 44 37-4 


3. 


m 

8 


53 31 17 
62 12 24 ' 




M 

S 


54 38 20 
62 9 51 
True distance 


..D 


42 21 30 
41 34 32 


4. 


m 1 58 27 16 

8 48 15 36 




M 

S 


59 20 19 
48 10 29 
True distance 


d 
..D 


57 22 34 
56 52 20*6 


5. 


m 

8 


22 56 18 
39 21 23 




M 
S 


23 51 27 
39 18 5T 
True distance 


d 
..D 


88 21 13 
87 45 9-6 


6. 


m 

8 


12 36 21 
32 17 51 




M 

S 


13 29 50 
True distance 


d 
..D 


90 20 35 
89 51 47 
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To Find thb Grbenwioh Date correspondinq to a given 
TRUE Lunar Distanoe. 

The Lnnar distances are given in the "Nautical Almanac," for 
Noon, JIl\ Yl\ 1X\ Midnight, XV^ &c., and so on for every third 
bonr of every day on which it is possible to observe th<^ moon. The 
tables containing these distances form pages XIII. to XYIII. of every 
month in the ''Nautical Almanac." 

1. The day of the month of the Greenwich date being known, 

enter the table of lnnar distances, and note the two distances, 
between which the given one lies ; in other words, the two 
consecutive distances, the one of which is greater, and the 
other less, than the given ojie. 

2. Take out that one which corresponds to the earlier hour, 

together with the proportional logarithm, which stands in 
the column to the right of it. 

3. Write the given distance below that which is taken from the 

" Almanac," and take the difference. 

4. Take from Table XV. the proportional logarithm of this 

difference, which write under the prop. log. found in the 
" Nautical Almanac ;" take the difference of these logs., ai;id 
find in Table XY. the corresponding time. 

5. Add the time found by Eule 4 to the hours corresponding to 

the lunar distance, which is taken from the "Nautical 
Almanac," and after writing the day of the month before 
this computed time, the result is the Oresnwich date (on 
the supposition that the distances change uniformly). 



Example i. 

By the "Nautical Almanac" for 1855, page 197, XVI. for the 
month of October, it is seen that on October 17th, the star 
Antares was W of the moon, and its distance from the moon as 
under — 



Midnight. 


P. L. of Diflf. 


XVh. 


RKoflMir. 


/ u 

37 48 32 


3432 


t It 

39 31 31 


243r 
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Eequired the Greenwich date when the distance is 38° 45' 16"? 



At muJnw/W on Oct. 1 7th, the dist. is 37 48 32 P. L. 243 a 

And the giyen distance is 38 45 16 

Difference 56 44 P. L. 5014 

h. m. B. ■ 

I 39 19 . . 258: 

Time oorres. to the dist. taken from the *^ Naut. Almanac '* 1 2 o o 

Greenwich date nearly Oct. 17th 13 39 19 



This is farther to he corrected for the want of uniformity in the 
change of the distances, and for this purpose a tahle is given in the 
" Nautical Almanac/' entitled, '* Correction for Second Differences of 
Lunar Distances." 

Take the difference between the proportional logarithm which follows 
the distance taken out of the ^' Nautical Almanac *' and that following 
the neit distance, and with this difiisrence and the approximate 
interval, i h. 39 m. 19 s., which has been found by Table XV., enter 
the table above mentioned, and take out the correction^ adding it to 
the Greenwich date nearly, when the proportional logarithms are de-r 
creasing, and svhiracting it from that date if the proportional loga- 
rithms are increasing. 

In the above example, 

The proportional log. following the dist. at midnight is 3432 
„ „ XV*». . . 2431 

Difference (minus) • — 11 

Whence the correction is found to be 3 s. +, and, therefore, the 
corrected date is Oct. 17th, 13 h. 39 m. 22 s. 



Example 2. 

From the " Nautical Almanac " for 1856. 

The sun's dista,nces from the moon on December 4th, 1856, were 
as under, at VP. and IX*^. Greenwich mean time. 



VPi. 


P.L.ofDlfr. 


IXh. 


P. L.ofDiff. 


t u 
84 5a 31 


2749 


^6 34 6 


2737 
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Bequired the Greenwich date when the distance is 85° 20' 54" ? 



At VI'»- on Deo. 4th, the distance = / 84 58 i'l P. L. 2749 

Given distauce , ' 85 20 54 

Difference . . .* 22 23 P. L. 9053 

h. m. s. ■ 

o 42 9 . . 6304 

Time over the distance taken from ** Nautical Almanac *' . 600 

Greenwich date nearly Dec. 4th 6 42 9 

Correction +3 

Greenwich date Dec. 4th 6 42 12 



To Find the Altitudes when a Lunar Distance is taken, 

FROM altitudes BEFORE AND AFTER TAKING THE DISTANCE. 

If, in taking lunars, there be only one observer, let him take the 
altitude of each object both before and after taking the distance, 
noting hy his watch the time of each observation. 

Then to find the altitude of either object at the time of taking the 
distance, if the altitudes be considered as changing uniformly during 
the short intervals between the observations, we shall have these equal 
ratios: — 

A = Interval of tiTne between the altitudes. _ C = change of alt. in int. A 
B = Int. of time between ist ali. and dist. ~ D = correction of the first aJi, 

Whence D = correction sought = — r — 



Example, 

h. m. 8- o I n 

At 4 10 lo by watch, the moon's altitude was 34 12 10 

At 4 15 29 „ the dist. between O and ]) 80 34 20 

At 4 19 40 ,, the moon's altitude was 34 50 30 

Eequired the moon's altitude at 4 h. i S m. 29 s., when the distance 
was taken ? 

Here the interval of time elapsed between the observations of the 
moon's altitude is 9 m. 30 s. = 570 s. = A. 

And the time between taking the first altitude and the distance 
=r 5 m. 19 s. = 319 s. = B. 
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The change of altitude 38' 2o"=230o"=C. 

319x2300- ^^^3 , 

S70 ^ ^ 

And this correction added to the first altitude, because the altitude 
of the moon is increasing, gives 

First altitude of the moon 34 12 10 

Correction 



Altitude of ]) when the distance was observed , 



71 27 
34 35 37 



If also the o's altitude were taken as under, required his altitude 
at 4 h. 15 m. 29 s ? 

b. m. s. 

At 4 12 26 the 0*8 altitude was 57 16 40 

At 4 17 29 „ ,. 56 50 20 

Then A = 5 m. 3 s.= 303 s. ; B = 3 m. 5 s. = 183 s. ; and C = - 26' 20" = - 1580". 

_ 183 X 1580" „ , „ 

.-. D = ^^^^ = 954"' 3 = 15 54" -3 

And this correction must be subtracted from the first altitude of the 
8un, because the altitude is decreasing. 

First altitude of the Bun 57 16 40 

Correction -\5 54 



Altitude of when the distance was observed . 57 o 46 



Examples fob Exercise. 

Bequired the altitudes at the time of taking the distance in each of 
the following examples ? 

Example i. 



Time by Watch. 


h. m. 


B. 


9 37 34 


9 28 


47 


9 31 


2 


9 33 


14 


9 35 


8 


Time by 


Watch. 


b. m. 


a. 


15 38 


17 


15 40 


35 ■ 


15 43 


16 


15 44 





15 45 


37 



MarkaVs altitude 
^*8 altitude . . 
Distance p and « 
p's altitude . . 
Maikab's altitude 



21 19 30 
48 40 10 
37 39 35 
47 58 20 
21 48 40 



Example 2. 



])*s altitude . . . 30 10 o 

Aldebaran's altitude 60 25 o 

Dist. p and * . . 48 12 30 

P's altitude . . . 30 45 o 

Aldebaran's altitude 61 40 



P's altitude 48 19 i 
»'s altitude 21 32 52 



Answer. 

O i II 

P 8 altitude 30 34 23 
»*s altitude 60 38 5 3 
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To Find the Lonoitudb by Lxtnab Obsebvations. 

1 . When {he altitudes are observed. 

1. Find the Greenwich date as nearly as may be. 

2. Take from the " Nautical Almanac '' the horizontal parallax 

and semidiameter of the moon, correct them by Tables YL 
and VIII. 

3. The index error, dip, and semidiameter, having been applied 

to the observed altitades, the results are called the apparent 
altHudes — ^reject the seconds if under 30", or take the next 
whole minute if the seconds be more than 50''. 

4. Apply the refraction and parallax to the apparent altitudes, 

taking care to use the altitude of the limb of the sun or 
moon in taking out the refraction, and not the altitude 
of the centre. The results are to be considered as the true 
altitudes. 

5. Correct the observed distance for the index error, and find the 

central distance by adding the semidiameters of the sun and 
moon to the corrected distance, when the sun is one of the 
objects observed ; — or, if a star be observed, add or suhtrad 
the semidiameter of the moon, according as the distance of 
the star from the nearest or furthest Umb of the moon is 
observed. 

6. Clear the distance from the effects of parallax and refraction, 

and then find the Greenwich date. 

7. Conipute the time at the place of observation. And the 

difference between the date at the place and the Greenwich 
date, is the longitude of the place in time. 

2. When the altitudes are not observed at the same time that the 
distance is taken, on account of the obscurity of the horizon. 

In this case, the altitudes for clearing the distance must be com- 
puted ; but, to compute the altitude, it is necessary that the time at 
the place of observation should be known. Let therefore the error of 
the watch be found by altitudes taken at some convenient opportunity, 
before or after the distances are observed. Compute from the log 
the difference of longitude made in the interval between taking the 
distances and taking the altitudes for the error of the watch ; and if 
the distances are taken to the eastward of the altitudes, add the dif- 
ference of longitude in time to the time of taking the distances, cor- 
rected by the error of the watch ; but subtract it if the distances are 
taken to the westward of the altitudes ; and the sum or remainder will 
be the time at the place where the distances were taken at the instant 
at which they were observed. Then with this time, the latitude at the 
same instant deduced from the log, the declinations, &c., of the objects, 
let their apparent altitudes be computed, and with the altitudes and 
distance compute the true distance, and thence find the Greenwich 
time and longitude as befora 
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Example i . 

Suppose that on October 24tli, 1855, at about yh. 10 m. p.m., in 
longitude by account 52° 16' W, latitude 17"* 41' S, the following 
lunar was observed, required the longitude ? 



Observed alt. of Fomalhaut 
Kast of Meridian. 



Obs. alt. l> 



Ob«. dlst. nearest Umb. 



67 15 o 
Index error . + 3 12 

Height of the eye 17 feet. 



21 14 5 
- I 43 



57 15 2 
- I 7 



Greenwich Date. 


Longitude in Time. 


h. m. 

October 34th .... 7 10 

3 39 

Greenwich date, Oct. 34th 10 39 


5°2 16 W 
3 h. 29 m. 4 s. 




^'s Semidlameter. 
Noon. 


Correction. 


ys Hop. Par. 
Noon. 


Correction. 


16 34*3 
- 3-8 


Diff:inr3»»- 3*2 
10*65 

3130 
3195 

12) 34-080 
3-84 


60 4^9 
- 10*2 


Diff.ini2»^-n-5 
10-65 

5325 
11715 


16 31*5 
Aug. + 6-1 


59 54-7- 
Red. . - i-i 


16 37'6 


3593-6 = 59 53*6 


13) 133-475 


IO'3 


To Ck>rrect the Mood's Altitude. 


4 
Observed alt 3i i^ 


^ 5 


Index error — ] 










Dip ... . 


21 13 22 
.... - 4 4 




BATnidiftTnetAr . 


21 f 
. . . . + l( 


J 18 * 
) 27-6 

^ 45*6 

I 26 « H. P. 35 




Apparent altitud 
Rtilraction . . 


e . . . . 21 2i 


93-6 3-555529 


Parallax in alt. 
True altitude 


21 2 

. . . . + 5 
. . . . 22 I 


2 19*6 * . . . 

5 46-5 ... 33 

3 6-1 


Cos 9-9^9059 
46-5 3*524588 








Adding 14*4 seconds 
M 


to the apparent altiiude, and also to the true altitud 
whule minute in the apparent altitude. 

/ M 
22 18 20 


e, in order to have a 
•5 


711 


21 25 
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To Correct the sfc's alUtnde. 


To fiDd th? App. Central Dist 


Observed alt 67 15 o 

Index correction . . . + a 12 

67 17 12 
Dip - 4 4 


Observed dist. . . . 5 7 15 2 
Index error ....-17 


57 13 55 
J's semidiameter . . + 16 27*6 


App. alt 67 13 8 

Befraction - 24 


57 30 22*6 


Ejecting 33"* 6. to be added asalo to the com- 
puted distance; d=57^ Jo' 0" 


True alt 67 12 44 


R«JecUng 8" from the app. and true altitudes. 




8 = 67 12 36 
8 =67 13 




To Clkas thb Distakcr. 


• 

Apparent dist. . . . d 5 7 30 

,, alt. ]) ... m 21 25 sec '031074 
„ alt. « ...» 67 13 sec '412011 


2) 146 8 


X 73 4 cos 9*464279 
X-d 15 34 cos 9.983770 


M 22 18 20-5 cos 9*966222 
8 67 12 36 cos 9*588109 


HM + S) = A 44 45 28-2 2) i9'445465 


B 58 7 17*4 cos 9*722732 


B-l- A 102 52 45*6 sin 9*988934 
B-A 13 21 49*2 siu 9*363858 


2) 19-352792 


28 20 17*4 sin . 9*676596 

2 1 


56 40 34*8 
The seconds rejected before . + 22 * 6 


Truedistance 56 40 57*4 



It may be observed that in this example the formula employed in 
clearing the distance is slightly different from that which is used in 
the preceding examples. 
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To FIND THE QkBEMWICH DATK. | 


Reduced distance as 
Truedis.atlX'-bj* 


above . . 56 40 5*7-4 
NautAlm." 55 41 6 . 


Prop. logs. 
. . * . . 3430 

(Tab. XV.) 4782 
3353 


Difference . . . 


• . . . 59 51*4 


h. m. 8. 
I 44 44 
From the ** Nautical Almanac " . 9 


10 44 44 
Correction for second diff. . . + x 


Greenwich date . 


. Oct. 24th 10 44 45 


To COMPUTB THB TiMB AT PLACK FKOM THE Ob-KUVBD AlTITUDX OF THE STAB. 1 


Fomalhaut'8 Right Ascension. 


Fomalhaut's 


Declination and South Puiar dist. | 


h. m. 8. 

22 49 40-93 


t It ^ 

30 23 15-1 s 
South Polar distance 59 36 44*9 


Right ascension of the mean Q. 


Sidereal time at ( 
Acceleration for 


Sreenwioh mean noon, Oct. 24th . . 

10 h 

AA. m. . . . . 


h. m. 8. 
14 9 17-75 
I 38-56 
7-23 

-12 


45 s 






1 , 




R. A. of mean sui 


14 II 3*66 












Sin * Hour /_ - fj iitcl . eosecp .cosS. 


tin(S' 


-«)} 


True alt. . . ... a 

Latitude I 


/ « 
67 13 44 
17 41 
59 36 45 


sec 
cose< 

cos 
sin 

sin 


•021021 
3 -064179 

9*484013 
8-943902 

2) 18-513114 


Polar distance ..---*> 




r 




2) 144 30 29 

8 73 15 14-5 
S-a 5 2 30-5 


] 


24 3 

2 


9-356557 


^ 


to 48 6 
4 


6,0)^ 

Easterly hour angle . . . 
Westerly hour angle . . . 
VsR. A plus 

R. A. of meridian .... 
Mean O's R A. . . minus 


J3 12 24 

h. m. 8. 

I 23 12-4 
23 36 47*6 
22 49 40-93 

31 26 28-53 
14 II 3*66 


Date at place C 


)ct. 24th . . 


7 15 24-87 
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To FVD TRB LoKorruDK. 


h. m. s. 
Date at Greenwich by lunar . . . Oct. 34th 10 44 45 

Date at place by •tar'B alt Oct. Htb 7 i5 25 


Difference = Longitude in time, W . . . . 3 29 20 
Longitude 52*» 20' W 



Example 2. 



AUiiudes to he computed. 



A Itinar obseryation taken during one of the recent Northern expe- 
ditions, by Mr. R. C. Allen, Master of H.M.S. "Besolute." 



185 1, AnguBt ist 



h. m. s. 




1 It 


6 45 4 


Di8tanoeeO( . 


60 19 55 


46 13*4 




20 25 


47 7-4 




20 45 


48 40 




21 35 


50 10 




33 35 



5) m 14-8 



August rst 6 47 26*9 
Error on G. M. T. . . +4 31 40 



Index error 



Greenwich Date, August I st 11 19 6*9 



5) 105 J 5 



60 21 3 
-15 

60 20 48 



The latitude was about 74° 36' N, and longitude about 95° W. 
By altitudes taken the same day the chronometer was fotmd to h&fatt for the mean 
time at the place of observation i h 49 ni. 7*4 s. 

h. m. a. 
Therefore, since the chronometer shows . . . 64726*9 
And the chronometer is fast i 49 7*4 



The date at the ship August ist 4 58 19*5 
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To OOHPUTX THR SUN's ALTITDDE. 


Greenwich Date, xSsx, August xstt xx h. 19m. 6*98. 


Date of Ship. Aagnst xst, 4 h. 58 m. 19- 3 


8. 


O** DecUnatlon. 


Correction. 


On August 1 8t . . 18 7 49*3 
7 8-3 


Difference in i hour . . 


-37*9 
II-3 

1137 
4169 

428-27 


18 41 
North polar distance 71 59 19 






Equation of Time. 


Correction. 


m. 8. 

On August ist . . 63-3 
- 1-6 


Diff. in I hour . . . ■ 
Hours past noon. . . 

CJorrection .... 


s. 
-0-I4 
II-3 


6 1-7 
To be subtracted from M. T. 


42 
154 

1-582 


Polar Angle = Apparent Time at Ship. 


h. m. 8. ■ 
Mean time at Bhio .ac8iq-c 




Equation of time — 6 i"j 




' 


i Polar angle in time . . 


2) 4 53 17-8 
2 26 8-9 


„ inarc . . 


36° 32' 13" 


A » i (colatitQde -f polar distance). 


1 u 

Latitude ^ 74 36 oK 

Colatitude 15 24 = I' 

0*8 polar distance 7^ 59 '9 = P 




Colatitude + 0'b polar distance . . . 87 23 19 
J (|) + = A 43 41 39 
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'Sin B^ ^ (tinp . tin t' . ooi* i A). 


SiniZ$nWiDUtances^ |»in(^ + 10 .n'n (ii-J)J, 


O t » 




i hour angle . . . 36 3^ i3 


cos 9*904972 
2 




19-809944 


p = polar distance . . 71 59 i9 


sin 9*978178 


V - colatitade . . . 15 24 


sin 9 '42415 6 


A = J(p + . . . 43 41 39 


2) I9'2I2278 


B 23 48 52 


sin 9*606139 


A + B 673031 


sin 9*965642 


A-B 195247 


sin 9-531539 




2) 19*497181 


34 5 30 


sin 9*748590 


Zenith distance . . 68 11 




/ True altitude . . 21 49 
Cor. of altitude . . + 2 13 = 




refr action - parallax 


I Apparent altitude . 21 51 13 


rS = 21 48 47 

Rejecting 13" from each 

j « = 21 51 


To OOMPDTS THX MoOS'B AlTITUDB; 


Greenwich Date, 1851, August ist, xi 


h. 19 m. 6*98. 


D's T^lght Ascension 


Correction. 


h. h. m. 8. 
At II . . . . 12 42 16-5 
Correction . . . + 42'6 


Diff. 


8. 

in I hour , . -f 134*2 
in 1 min. . . -f 2*23 


J'bR. A. 12 43 59*1 




19* 1 1 




223 




Corr 


223 
2007 
223 


ection .... 42*6153 
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1) '8 Declination. 


Correction. 1 


At II. . . n cc C.C "K 


Diff. in 10 min. . 
„ in I min. . 

Correction . . 


. — 132-8 
13-28 
19-II 




- 4 14 




51 41 




1328 
1328 
II952 
1328 


North polar distance 89 8 19 




253-7808 
. 4' 13"- 78 




Cor. 


Hor. Par. 


Cor. 


At noon 16 22*5 
Cor. . — 4*5 


h. „ 
Diff. in 12—4-8 
» I '4 
II-3 


At noon 60 5'- 4 
Cor. . — 16-6 


Din. in 12 — 17*7 
» I 1-47 
II-3 


16 i8-o 
Aug. . + 4*5 


59 48-8 
Red. . •— ii'o 


4*52 


441 
1617 


3577-8=59 37*8 


16 22*3 


i6-6ii 






Bight Ascension of Mean Snn, and of the Meridian. 


Sidereal time at 
Acceleration for 


mean noon, August 

II hrs. . . . 

IQ m. . 


ist 


h. m. 8. 
. 8 37 59-49 
I 48-42 
3-12 

•02 




7s 
of mean sun 




Right ascension 
Mean time at pit 


. 8 39 51-05 
. 4 58 19-5 


ice 

of the meridian 




Right ascenRion 


. 13 38 IO-55 






Polar angle 0/ J z^R.A.o^ 


f Meridian - R. A. of Moc 


m. 


Right ascension 
Right aBcension < 


of meridian . . 




h. m. 8. 
. 13 38 10-55 
. 12 42 59-10 


■»f moftTi - 




me 




Polar angle in tii 
Polar angle in ai 


. 55 11-45 
. 13° 47' 52" 


rc = /i .... 




J Polar angle • 


. 6 53 56 








A = i {CiAatUvdt 


+ Polar Dittance). 




Colatitude . 






' " y, 
15 24 I 


5*8 Polar di« 


jtance . . . . 




. 89 8 i<)p 

104 32 19 




52 16 loA 
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S<»B = 


^(tinpHnVeo^ih). 


Sim Zenith DitLz 


= V{ 


iiniA + B)Hn(A^S)}' 




I hour anele .... 




6 53 56 

89 8 19 
15 24 


cos 9*996844 

2 








(p = Polar distance . . 
\l' = co-latitude . . . 


19*993688 

Bin 9*999951 
sin 9*424156 


A = i sum 




52 16 10 


2)19-417795 




B= 




30 46 4 


sin 9*708897 








A + B 

A-B 




83 2 14 
21 30 6 


sin 9*996786 
sin 9*564107 

2) 19*560893 




1 zenith dist 




37 5 53 

2 


sin 9*780446 

[or. Par. 3577*8 3*5536i6\ 
. . , cos 9*983265 




Zenith dist 






74 II 46 B 
15 48 14 . 




/True alt 






Parallax in alt. nearly . 




- 57 22 . 
14 50 52 . 


. . . . 3*536881 
. . . cos 9*985251/ 




.Parallaz in alt. . . . 




- 57 38 . 


.... 3-538867 


Befraction 

Apparent altitude. . . 




14 50 36 
+ 3 33 




14 54 9 


Subtracting 9" from the true and apparent altitudes :— 




M = 

m = 


« // 
15 48 5 
14 54 




To FIKD THE APPABKNT GeMTRAL DlETAKCS. 


Distance of the limbs 
Moon's semidiameter 






. 60 20 48 


•' • 


. . . . 


16 22*3 
I? 47 'O 






. . . . 


. 60 52 57*3 
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To Clkar ths Distancb. 


Sin B^ tj |<ecinMC«<x»XoM(X-d)oot. 


JfCM-Sf I. 


A = i(if+5);rtn*i> = ^ {cM(^ + J?)aw(-A 


-*;}• 


Apparent alt. O . . . . . « 21 s'l o 

]) m 14 54 

„ dlst.])0 d 60 53 


sec ' 0323 76 
sec ' 014854 


2) 97 38 


X 48 49 

d-X 12 4 

M 15 48 5 

S 21 48 47 


cos 9*818536 
cos 9*990297 
cos 9*983270 
cos 9*967736 

2) 19 '807069 


J M + S) = A 18 48 36 


B 53 " 30 


sin 9*903534 


A + B 72 56 
A-B-34 24 4 


cos 9-489619 
cos 9*916508 




2) 19*406127 


^ 30 18 49*5 
2 


sin 9* 703063 


60 37 39 
To be subtracted, because added'before 3 


True distance . . . 603736 


To OOMPUTB THB GREENWICH TiMB AK© LONGITUDE. 




True distance as computed above '. . . . 60 
Dist. at 9^ from " Nautical Almanac" ... 59 


37 36 P. L. 

19 35 . 2502 


Diff. ... I 

h 


18 I . 3631 
m. 8. 


2 

Time taken from the •* Nautical Almanac '' . 9 


18 47*5 • ^129 


II 
Correction on account of second differences 


18 47*5 
- 3 


Greenwich date August ist 11 

Date at ship August ist 4 


18 44-5 
58 i9'5 


Longitude in time 6 

60 


20 25 


4)380 


25 


Longitude ... 95* 


' 6' 15" W 
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Example 3. 

On October 12th, 1854, the foUowing lunar was taken at Green- 
wich, and the longitude computed from it, allowing for the figure of 
the earth : — 



Greenwich Date. 
1854, October nth 23 h. 26 m. 20* i s. 



Distance O d 
107° 21' 2"-07 



The distance is the mean of 14 readings of the sextant corrected 
for the index error. 



To OOMFDTB THE 


S(7K'8 Altitddx. 






©•s Declination. Page 11., "Nautical Almanac." 


Oorrectlon. 




At noon, Oct. nth . 7 26*4 S 
' Correction . . . + 22 5-4 

Declination . . . 7 22 31-8 


Diff. in I hour 
Hours past noon . 

Cor. of declination 


. . + 56*57 
. . 23-43 

16971 
22628 
16971 
113^4 


North polar distance 97 22 31-8 


1325-4351 
. . 22' 5"*4 






Equation of Time, P. II. 


Correction. 




m. s. 
At noon, Oct. nth . . 13 10 '86 
Correction +14*69 

Equation of time . . . 13 25-55 


Diff. in I hour . 
Hours past noon . 

Correction . . . 


. . + -627 
. . 23-43 




1881 
2508 
1881 
1254 




+ to mean time. 




. . 14*69061 




Polar Angle = Appa 


rent Time from Noon. 






Mean time at place . 


h. 
2? 


m. 8. 
26 20*10 
13 25*55 




Equation of time .... 


. . . + 




Apparent time .... 






22 


39 45-65 
20 14*35 
TO 7*175 
3i'47"*6 = fc 




Before noon 







Half polar angle in time . 








2° 
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A = * (Colfttltnde + Mfa BtotMoei) 


Latitude of Qteenwioh 
aiiititiide ..... 




tr 28 ;oN 




. j3 3t 10 =^ r 

Q7 32 1 1 ■ 8 — 


Sam ♦ . 
i sum 


- ^55 51 4rB 


' 67 s6 5r = A 




Sin B= ^ (ttnp . sin t' .wg^ i h). 


Silt i Zcniih Distance ^ 


^ { «mji + n«B 


C^*^3 ]- 


J^ Polar angle . . , 

Polar dist * . . . 
Colstitudfi .... 


. 97 32 11 -a 

33 p 10 


cos 9*999577 

3 


9'999rS4 
Bin 9*996393 
Bin 9'7943J5 


A . . 


. 67 56 51 


2) 19^789881 1 


B , , 


• 51 43 57 


ain 9'fl9494o 


A + B . . 
A-B . . 


. 119 40 48 
. 16 12 54 


ma 9938923 
Bin 9^445981 

2) 19-384903 ; 


Zenith difitiinoe . » . 
Tnie altitade .... 


39 30 30 

3 


sin 9^692451 1 


59 I ° 


^ 30 59 


Tq COMmTE THB GtTR'H ATITIRITH. 


Trae altitude . , . . 

LaVvtude 

Polar disL 


a * a 
a 30 59 
I 51 28 50 

P 97 ^2 ii-8 

2) 179 50 21'8 


sec 10^066159 
see lo- 205665 




S 09 SS i<>'9 


tm 7-146473 


J^ 


-S 7 27 20"9 


cos 9-9963" : 
1) 17-415309 , 




1 55 ^6 


sin 8-707654 1 


Tmc azimuth . . . 


^ 




S 5 50 52 B 
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CoTTwdim flf Z. D. fct ttw Tefwtrul Splitttild. 


I Reduction for Utitude (5 1 f ^ {TMa TIT.) 
Azimuth of Iha ran ku than 90^ S 5° 5 1' £ 

1 

CjOlTMtioi] * _ . - ^ ^ 


670 log 
ccm 

666 '5 
11' 6"*5 


2*826075 
9'99773^ 


3 825807 1 






CamfinuthiD or Tme tsd Appnreat 


A Its 




(^*B Zenith, distjiinoe « 







6J 


Con(icti€»ii fotiud above 
Keduoed xenitJi dut&oce 
Altitude . 

Atnifif ent Bltitude 




— II 






43 4Q 


S3-i 


Fiu^ar 




■ 31 ^0 


8 


jr 9 
a. + / 


35 


• 31 ti 


in ' 


Bttbiractmg 33" '3 ^^ ^^^ apparent and also 

S 31 9 33 
i 31 ti 




&om the true altitude. 



Elshekts to Gomfdtb thb Moon's Altitvdb. 


R. A. of Moon. 




h. m. 8. 
At 23 horns . . . 6 5 23 '21 
+ 58-65 

6 6 21-86 


Diff. in I hour . . . 


+ 133-84 
26-3 


669 
1338 
446 

58*649 
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DedinationofMooD. 


Correction. 


At 23 hours . 


. . 26 42 25 -6 N 
46-9 


Biff, in 10 minutes . + i7"82 
, , I minute . . 1-782 




^ 




*w i 


*^ f3 ** ? 

North Polar distance 63 16 47-5 


5346 
10692 
3564 

46-8666 




Semldlaroeter. 
Midnight. 




Hor. Parallax. 
Midnight. 


Correction. 


1456-9 

- 2-7 


Diff. i2h. - 2*9 
II-4 

116 
3t9 


54 45'o 

- 10-2 


Diff. 12 h.- 10-7 
II-4 

428 
1177 


14 54*2 
Aug. + 3-6 

14 57-8 


54 34*8 
Bed. - 6-5 


12)33-06 

2*7 


54 28-3 
3268-3" 


12) 121-98 
10-16 


To find B. A. of Mean Sun and of the Meridian. 


Sidereal ti 


me at mean noon, Oct. 
2? h, , 


nth .... 


h. m. 8. 
13 18 59-59 
3 46-70 
4-27 


Aocelerftti 


on for { 26 m. . 






20 s. 




-05 




snsion of the mean sun 
) at place. 




Bight a8C( 
Mean tinu 


13 22 50-61 

23 26 20-I0 






Right aacension of the meridian 


liz 49 10-71 


Hour Angle = B. A. of A 


Ieridlan-RA.ofMoon. 


Right aso 
Right asc< 


Bnsion of meridian . 




h. m. 8. 
12 49 10-71 
6 6 21-86 


jnsion of moon . 






le in time 






Honr ang] 
Half-hour 


6 42 48-85 

3 21 24-42 

50° 21' 6"-3 


angle in time . . 
in aro 




* * 
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To OoMPirrB m Moov'a Altitudb. 




Half-Polar angle . . . . 50 21 

Polar diatanoe 63 16 

Olatitnde 38 3^ 

A 50 53 


6-3 

47'5 
10 

59 


COS 

Bin 
sin 

2) 


9^804870 

2 




19*609740 
9-950955 
9*794335 




19-355030 




B 28 25 


5 


sin 


9*677515 




A + B 79 19 
A - B 22 28 


4 
54 


sin 
sin 

2) 


9* 992408 
9*582504 

19-574912 




37 48 


22'5 

2 


sin 


9*787456 




Zenith distance 75 36 


45 


True altitude 14 23 


15 








To OOMPDTB THB MOOU'S AZMUIH. 


\ 


Altitude 14 23 

Latitude Z 51 28 

Polar distance . . . . p 63 16 


ti 

15 
50 
47-5 


sec 
sec 


•013839 
•205665 


2)129 8 


52*5 








S 64 34 


26-2 


cos 


9'6328o7 




B-p I 17 


38-7 


cos 
2) 


9-999889 
19*852200 




1 II 

57 30 53 

2 


sin 


9*926100 




S 115 I 


46 W 




Correction of Z. D. for the Terrestrial Spheroid. 




Eeduction for latitude 5 1 J° (Table VII.) 6 70 log. . . 
Azimuth of moon greater than 90°, S 115° 2' W cos 


. 2*826075 
. 9*626490 






283*5 


. log 


' 2*452565 




Correction 




+ 4'- 


*3"*5 
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Computation of True and Apparent AlUtudes of j. | 


J's zenith distance 

Correction computed above . . 


t t4 

IS 36 45 
+ 4 4r5 






75 41 28-5 




'Altitude 

Hor. Parallax 3268"* 3 . . . 


14 18 31-5 


cos 
log 


9-986314 
3-514322^ 




Parallax in alt. nearly . . . 


- 52 47 . 


. • 


3-500636 








13 25 44*5 


COS 


9-987961 






^.Parallaxinalt 


- 52 59 . 


• . 


3-502283 


Refraction 


13 25 32-5 
+ 3 54 






Apparent altitude 


13 29 26-5 






And subtracting 26"- 5 from the true and apparent altitudes. | 



M= 14 
m = 13 


18 s 
29 







To Clear thk Ltthak DtSTAscJi. 






t u 

Difit^nce of limbs . , . .10721 2t 
^^9 Hemidiametef . . . . + 1457-8 
0'b eemiaiaineter . . . . + 16 44 




1 App. central dist. , . . 107 52 


4'3 


. . d 1 


t tt 
App» dial .*.,.* d 107 52 re 

A t, fl 31 II 

Ait.}) , , - . - . . ra» 13 29 


jectiDg4'3" 

seo '(^57772 
sec ^oi3ii& 


^) rSi 33 


X 76 16 
d — X 31 36 

% 51 9 33 
M 14 i3 S 


00s 

COfl 

cos 

003 


9"375487 
9^930300 

9^931338 
9^9^6328 


i(S + M) = A 324349 


2) 


19-304363 


B 26 40 31 


flin 


9'652iBi 


A + B 49 24 20 
A - B 3 56 42 


sin 

C03 


9-ei338r 
9-99^970 




2) 


19-812351 


J « 
S3 40 4r"& 

2 


sin " 


9-906175 


107 31 iy% 
Kejected above . . , . . H- 4"3 


True distance 107 ir 37-5 







I — 
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To FlKD THK GKEBVWICH'TaCS AVD LOKQITUDK. 



True distance 107 21 27*5 

Dist. at XXL hours 108 28 30 



P.L. 

3397 



172-5 4289-5 



h. m. 8. 



21 hours + 2 26 33*5 0892*5 

Oct. nth 23 26 33*5 

- 2 Cor. for second differences. 



Oct. nth 23 26 31 '5 Greenwich date by lunar. 

Oct. nth 23 36 20*1 Known date at place of observation. 

II '4 W long, in time found by lunar. 



Examples (with altitudes observed). 

I. If on September 3rd, i855) &t about 5 L 10 m. a.m. mean time 
at place, lat 55° 20' N, long, by aceotint 106** E, the following lunar 
observations were taken ; required the longitude ? 



GbB. alt a Arietis 
West of Meridian. 

O I /* 

51 16 14 
- 2 23 



Index error 
Height of the eye 1 1 feet. 



Obs. alt )'B L. L. 

O i u 

57 24 19 
- S6 



ObB. dist F. L. 



30 

+ 



5 20 
2 20 



Ans. Longitude 106° 10' K 



2. If on February 3rd, 1855, at 8 h. 45 m. p.m. mean time at place 
nearly, lat. 47° 50' N, long, by account 176° 40' E, the following 
lunar was observed ; required the longitude ? 



OIm. alt. Saiam 
West of Meridian. 

O I It 

59 19 o 
- 50 



Index error 

Height of the eye 16 feet 



Obs. alt D's L. L. 

o I »$ 
26 59 4 

- I 57 



Obs. dist N. L. 

o t tt. 

78 57 23 
+ X 35 



Ans. Longitude 176° 34' E 



3. On October 2nd, 1855, about 4 h. a.m. mean time at place, 
lat. 35° 20' S, longitude by account 126° E, the following lunar was 
observed ; required the longitude ? Aldebaran and the moon being 
both too near to the meridian for finding time, the time at the place 
of observation was determined by other stars to be 1 5 h. 58 m. 36 • 2 s. 



Obs. alt Aldebaran. 

38 28 52 
• - I 35 



Index error 
Height of the eye 9 feet. 



Obs. alt. ^'s L. L. 
o I u 

24 40 37*5 
-+ 3 10 



Obs. dist F. L. 

O # M 

30 25 20 

- 3 44 



Ans. Longitude 126^9' 
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Requisites for the preceding questions from the " Nautical Almanac " 

for 1855. 

For Question i. On August 29tli. Declination of a Arietis 
' 22*^ 46' 4i"-o N, and diff. in 10 days + i"-8. Eight 
ascension i h. 59 m. 2*648., diflf. in 10 days -}- 0*26 s. 
Sidereal time at mean noon on September the 2nd, 
loh. 44 m. 16*95 s. 
Also the semidiameter and horizontal parallax, &c., of the 
moon as under. 



Date. 


Semidiameter d 


Hor. Parallax. 


Date. 


LuNAu DisiAscsa. 


Noon. 


Midnight. 


Noon. 


Midnight. 


IX. 


P.L. 

of Midnight. 
Diflf. 1 


P.L. 
of 
DiflT. 


Sept.2Dd 


( u 

15 J8*o 


15 io-7 


57 '5-5 


56 48-8 


Sept 2nd 


1 It 
29 15 27 


»943 


1, 11 
3046 51 


29J5 



For Question 2. On February 2nd, the declination of Saturn at 
noon 20° 13' S"'6 N, diff. in i hour + o"-3 ; and the right 
ascension 4h. 30 m. 4*658., diff. in i hour — 0*13 s. The 
sidereal time at mean noon 20 h. 48 m. 27*09 s. 
Also the semidiameter and horizontal parallax, &c., of the 
moon as under. 



Date. 


Semidiameter. 


Hor. Parallax. 1 


Date. 


Lunar Distances. 


Noon. 


Midnight. 


Noon. 


Midnight. 


XVIIL 


P.L. 

of 
Diff. 


XXL 


P.L. 
of 

Dtflr. 


Feb. 2nd 
Feb. jrd 


i u 

14*46 -7 


14 45-6 


1 M 

54*7*8 


1 
54 3*5 


Feb. 2nd 


O 1 II 

77 4 4* 


3056 78 n 45 


3053 



For Question 3. On September the 28th, the declination of Aide- 
baran is 16'' 13' 4" N, diff. in 10 day8 + o"*4, the right 
ascension 4h. 27 m. 38*718., diff. in 10 days + 0*28 s. 
The sidereal time at mean noon on October the ist, 
I2h. 38 m. 37*01 8. 
Also the semidmmeter and horizontal parallax, &c., of the 
moon as under. 



Date. 


Semidiameter. 


Hor. Parallax. 


1 

1 

Date. 


LUNAS D18TAKCE8. 


Noon. 


Midnight. 


Noon. 


Midnight. 


VL 


P.L. 

of 

Diff. 


IX. 


P.L 

of 

Diflf. 


Octzst 


15 26-4 


1 II , 
15 19*6 


56 no 


5'6 i'i 


Oct.i8t 


x"8 45 56 


J221 


( n 
20 II 40 


J173 



For additional exercises, see p. 328. 
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To FIND THE EaTB OP A ChRONOMBTEB BY LuNARS. 

At a time fayourable for taking lunars, let a set of distances with 
the altitudes be carefully taken, and the corresponding times noted by 
a chronometer. Take the mean of the times, altitudes, and distances 
respectively ; clear the mean distance from the effects of parallax and 
refraction ; and find the Greenwich mean time to which the corrected 
distance corresponds ; the difference between which time and the mean 
of the times shown by the chronometer will be the error of the chro- 
nometer for Greenwich mean time, as deduced from that set of Innars. 
Continue for a day or two at convenient opportunities to take similar 
sets of lunars, and find from each set the error of the chronometer for 
Greenwich mean time, and the mean of all the several errors as deter- 
mined may be taken as the error at the mean of the times when the 
different sets of lunars are observed. 

It will contribute to greater accuracy in the result, if an equal 
number of sets of distances from objects east and west of the moon be 
obtained. But when this cannot be done, take the mean of the errors 
found from objects east, and also the mean from objects west^ of the 
moon ; and consider half the sum of these two means as the error for 
Greenwich time resulting from all the observations. A few days 
afterwards, let the error for mean Greenwich time be found from a 
series of independent sets of lunar distances in the same manner, and 
the difference of the two mean errors so found divided by the days, &c., 
between the mean of the times of each series, will be the rate of the 
chronometer. This rate, with the last-found error, may be used in 
finding the longitude by the chronometer, till another error and rate 
can be obtained either by the same or some other method. 

The following example is given in the tables of Mendoza Bios, and 
it contains the results of actual observations made at sea by Captain 
HuddartiQ 1788:— 
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No. 


Date 1788. 


By Distances of 
D from 


Chronometer fast 
on G. M. T. 




h. m. 




m. s. 


I 


April nth I 30 


Sun 


2 41 


2 


,, nth 5 45 


Begulus 


6 


3 


, , 12th I 


Sun 


4 34 


4 


,, 12th I 45 


Sun 


4 23 


5 


,, i2th 5 30 


Regulus 


4 10 


6 


,, 13th 5 30 


Aldebaran 


5 5 


7 


.. 13th 5 30 


Regulus 


4 25 


8 


,. i5tli 3 15 


Sun 


3 42 


9 


,, 15th 7 


Pollux 


5 55 


lO 


., i5t|i 7 15 


Spica 


2 57 


II 


,, 17th 6 15 


Regulus 


4 58 


12 


.. ilth 6 45 


Spica 


4 12 



12) 165 9 
April 13th 18 45 



12) 53 2 



4 25-5 



Therefore on April 13th, at 18 h. 45 m., the chronometer was too 
fast for mean time at Greenwich 4 m. 253. 

By subsequent observations it was found, in the same manner, that 
on April 23rd, at i8h., the chronometer was too fast for mean time 
at Greenwich 4 m. 43 s. 

Thus in about gi. 23 h., the chronometer has gained i/'S's., 
whence the daily rate will be found to be -f i-8 s. 

The interval between the second epoch, April 23rd at i8h., and 
the following noon is 6 h. ; and the proportional part to it of the 
rate + I -83. will be found to be -f- 0-33., consequently the error 
of the chronometer on April 23rd at noon at Greenwich was 
4 m. 43*3 s. 



On the next page will be found convenient blank forms for regis- 
tering and preserving observations, and their computed results. 
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ON TIDES. 

Tides are the daily rising and falling of the waters of the ocean, and 
they are produced by the attractions of the sun and moon, but chiefly 
by the attraction of the moon. 

The attractive force of the moon, like that of every other body, 
varies in the inverse proportion of the square of its distance from the 
object which it attracts ; and, consequently, the particles of the earth 
immediately under the moon are more, and those on the opposite side 
less attracted by her, than the intermediate parts are. And as the 
attraction of the moon, in the former case, acts in opposition to the 
gravity of the particles towards the earth's centre, their tendency 
towards the centre will be diminished; and, consequently, if they 
were at Uberty to move freely among themselves, they would rise 
above the level of the place which they would otherwise occupy, and 
form a wave, which would follow the moon in her diurnal circuit 
round the earth. And although the moon s attractive force is in the 
same direction with the gravitating force of the particles on the 
opposite side of the earth, yet as she exerts a greater force in the 
same direction, on the central parts, the relative gravitation of the 
central parts, and the particles on the opposite side towards each 
other, will also be diminished ; and, therefore, if at liberty to move 
freely, these particles will also rise above the general level, and form a 
wave or tide on the side opposite the moon. 

The tide on the side next the moon, or that which happens when 
the moon is above the horizon, is called the superior, and the other 
the inferior tide. 

Now it is only the particles of fluids that can be sensibly affected 
by such small variations in the gravitating forces ; and it is only in 
the ocean, and large seas, that there is suflScient water to admit the 
effect, even in fluids, to be distinctly observable. 

The time of full tide, however, even if the earth were covered with 
water, would not be at the time at which the moon is on the meridian 
of any place : for the waters, having been once put in motion, would 
continue to rise for some time, even if the moon's action were to cease 
altogether ; and they, of course, continue longer to rise when her force 
is only a little diminished. 

The waters of the ocean are similarly affected by the attraction of 
the sun : but though his attractive force on the earth is immensely 
greater than the moon's, yet, from his great distance, the effect is more 
nearly equal upon every particle, and therefore the tides which he 
produces are, with respect to the moon's, comparatively small ; and, 
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in fact, they are only perceived in the modifications which they 
produce in the times and the heights of those which are primarily 
regulated hy the mooa 

In the interval between two successive transits of the moon she 
produces two tides ; and the sun, in every twenty-four hours, produces 
two tides also. The tides produced by the sun and moon coincide at 
the times of full and new moon ; and the consequence is, that the 
tides at those times are higher. At the quarter of the moon, the 
efiect of the solar is to diminish the lunar tide ; and hence, at those 
times, we find the tides are below the average height. The tides at 
full and change are called sprinff tides, and those at the quarters 
neap tides ; but the highest and lowest tides are generally abont the 
third tide after the full and change, and the quarters. 

As the action of the sun increases or diminishes the height of the 
lunar tide, so it also accelerates or retards the times at which high 
water happens. 

When the moon is in the first and third quarters, the observed tide, 
or that compounded of the solar and lunar ones, is to the westward, 
and in the second and fourth quarters to the eastward of that raised 
by the moon alone ; hence the action of the sun makes high water 
earlier in the former, and later in the latter case. This explanation 
will be received with a shght modification, arising from the considera- 
tion, that the solar and lunar tides are eastward of the places of the 
sun and moon, and consequently this acceleration and retardation, like 
the times of the highest spring and the lowest neap tides, vnll take 
place a little after the moon enters the quarters mentioned. 

When the moon is at her least distance from the earth, the tides of 
course are greater than usual ; and when the full or change of the 
moon happens about the beginning of January, when the sun also is 
nearest the earth, the tides are the greatest of all. The nearer the 
moon passes the zenith of any place, the greater are the tides which 
she produces at that place. 

In small seas which are much enclosed by land, such as the North 
Sea, the observed tides are supplied from those raised in the adjoining 
ocean ; and the Baltic, the Mediterranean, and such other seas as 
communicate with the ocean by very small mouths, cannot receive a 
sufficient supply of water in a tide to produce a material elevation in 
their surfaces : in these seas, in consequence, the tides are found to 
be very trifiing. 

The times of high water at any individual place are greatly in- 
fluenced by its local situation ; but there is at every place a mean 
relation between the time of high water and that of the moon's 
passing the meridian, which relation is subject to periodical variations, 
depending on the distance; and relative positions of the sun and moon. 
The time of high water, too, often is materially aflFected by the wind ; 
but it may be found, with sufficient exactness for any practical 
purpose in navigation, by means of the following problems : — 
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Problem I. 

To find the time of high water on a given day at any place where the 
time of high water at full and change is knoum. 

Let the time of the moon's passing the meridian of the given place 
be found, and to this time apply the correction from the following 
table, corresponding to her meridian passage and semidiameter, and to 
the result add the time of high water at full and change at the given 
place, and the sum will be the time of high water on the afternoon of 
the given daj. If this sum exceed I2h. 24 m., or 24 h. 49 m., sub- 
tract those tmies from it, and the remainder wiU be nearly the time of 
high water on the afternoon of the given day. 

Corrections to he applied to the time of the Moon's meridian passage 
in finding the time of high water. 



J-sMer. 
Pass. 
App. 
Time. 


^'8 Semidiameter. 


J '8 Mer. 
Pass. 
App. 
1 ime. 


^'8 Mer, 
Pass. 

Time. 




3) '8 Mer. 
i'ass. 
App. 
Time. 


14' 30" 15' 30" 16' jo" 


1 

14' jo" 15' jo" 


16' JO" 


b. m. 


JO 

1 

1 30 

2 
2 JO 

i 
i 30 
4 

4 JO 

5 


b. m. h. m. 

— 4—0 

— 10 — 8 

— 17 — 16 

— 24 — 25 

— ji - J4 

— j8 — 41 

— 44 — 40 

— 50 1— 56 

zm\z\ I 

— I 0—1 8 


b. m. 
+ 05 
-0 5 

— 15 

— j6 
-046 

— 055 
-I 4 

— I 12 

— I 16 

zi;i 

— I 12 


b. m. 
12 

12 JO 

IJ 

IJ JO 

14 

14 30 

15 

15 JO 

16 

16 JO 

17 

17 JO 

18 


b m. 
6 

6 JO 

7 

VI 

8 JO 

9 
9 30 

10 

JO JO 

11 

11 JO 

12 


h. m. 

— J2 

— Q 17 

— I 

+ 08 
+ 14 
+ 16 
+ 15 
+ 12 
+ 7 
+ 02 
-0 4 


b.m. 

— 12 

— o""5i 

zt\i 

+ J 
+ 15 
+ 21 
+ 24 

+ 2J 
+ 19 
+ 14 

+ 7 
-f_o 


b. m. 

— I 12 

-058 

— J7 
-014 
+ 09 
+ 24 

+ J2 

+ j6 
+ J4 
+ 29 

+ 2J 

+ 15 
+ 05 


h. m. 
18 

18 JO 

19 

19 30 

20 

20 JO 

21 

21 JO 

22 
22 JO 
2J 
2J JO 
24 



Problem II. 

From the observed tim>e at high water at any place on a given day, to 
find the tims of high water at full and change. 

To the time at which the moon passes the meridian of the given 
place, apply the correction from the preceding table, and the result, 
subtracted from the observed time of high water, will leave the time of 
high water on the afternoon of the days of full and change. 

If the time to be subtracted exceed the observed time of high 
water, let I2h. 24 m., or 24 h. 49 m. (whichever is necessary to 
make it greater), be added to the observed time before the subtraction 
is made. 
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Problem III. 

From the mean height of the spring and neap tides at any plaee^ to 
find the height of any other tide at thai place. 

With the moon's semidiameter at the top, and the apparent time of 
her meridian passage in the side column of the following table ; take 
out the numbers below A and B ; and multiply the number below A 
by the mean height of the spring tide ; and that below B by the mean 
height of the neap tide, and the sum of the products will be nearly 
the height of the required tide, independent of winds, freshes, &c., of 
which it is impossible to estimate the eflfects. This table is due to 
Bernoulli. 



Apparmt Time of 


Moon'8 Semldlame.ter. 


Moon's 












Mer.P&M. 


16' 


30" 


15' 30" 


14' 


3o" 




h. m. 


A 


B 


A 


B 


A 


B 


h. m. 














O o 


24 


0-99 


0-15 


0-88 


0'12 


o'79 


o'o8 


O 40 


' 23 20 


I'lO 


0*04 


0-97 


o'03 


0*87 


0'02 


I 20 


2 2 40 


IM4 


O'OO 


I"0O 


O'OO 


o'90 


O'OO 


1 


22 


I'lO 


o'04 


0-97 


0*03 


-0-87 


O'Ol 


1 40 


21 20 


0-99 


0-15 


0-88 


. 0*12 


o'79 


o'o8 


3 20 


20 40 


0-85 


0-32 


0-75 


0'25 


o'68 


o'i8 


4 


20 


0*67 


0-53 


0-59 


0'4i 


o'53 - 


0*29 


4 40 


19 20 


0*46 


0-75 


o*4r 


o'59 


o'37 


o'4i 


5 20 


18 40 


0*28 


0*96 


0-25 


0-75 


0-23 


0-53 


6 


18 


0T3 


IT3 


0*12 


o'88 


O'll 


o'Gj 


6 40 


17 20 


0*03 


I'2I 


0*03 


o'97 


0'03 


o'68 


7 20 


16 40 


O'OO 


1-28 


O'OO 


I'OO 


O'OO 


0*70 


8 


16 


0*03 


1-24 


0*03 


o'97 


0*03 


o'68 


8 40 


15 20 


0-I3 


I-I3 


0*I2 


o«88 


O'll 


0*62 


9 20 


14 40 


0-28 


0*96 


0-25 


o'75 


0'23 


0-53 


10 


14 


0*46 


0-75 


0-4I 


o'59 


o'37 


o'4i 


10 40 


13 20 


0*67 


0-53 


0-59 


o'4i 


o'53 


0*29 


II 20 


12 40 


0*85 


0-32 


0-75 


0-25 


o'68 


o'i8 


12 


12 


0-99 


0-15 


0'88 


0'12 


o'79 


o'o8 



Example. 

If the height of the spring tide at a certain place be 18 feet, and 
that of the neap tide 14 feet, required the height of the tide when the 
time of the moon's meridian passage is 8h. 40 m., and her semidia- 
meter is' 30"? 

Here we have A = '12 and B = ' 88 
And *i2 X t8 =: 2*16 
•88 X 14= 12*32 



Answer 



14-48 
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ON WINDS. 

The chief causes of winds axe the expansion and contraction of the 
air from heat and cold ; and, though in our climate nothing is more 
proverbial than the inconsistency of the winds, in some parts of the 
earth they appear to be governed by laws which operate with con- 
siderable regularity. 

The most remarkable of these winds are the trade winds, which in 
a zone extending in general about 30° on each side of the equator, 
blow from the eastward nearly quite round the globe; inclining 
towards the north in north latitude, and towards the south in south 
latitude, and forming what are called the N E and S E trade winda. 
In the intermediate space the wind is variable, but it in general blows 
from the eastward. In this space sudden squalls and heavy rains 
frequently occur 

When the sun has his greatest north declination, the S E trade wind 
extends several degrees N of the equator; and, in the opposite •season, 
the N E trade wind extends in like manner to the south side of the 
equator ; but in all seasons these winds are found to be greatly modi- 
fied by local circumstances, particularly near land. In the vast ex- 
panse of the Pacific Ocean they prevail almost uninterruptedly, out at 
sea ; but in the Atlantic, on the coast of Brazil, they blow from N E 
to E N E from September to March, and from S S E to E S E during 
the other half of the year. Near the African coast, the winds in - 
general tend towards the coast ; but in the Gulf of Guinea there is 
sometimes found a moderate breeze from the N E. Off this coast, 
about 7° N latitude, and 20° W longitude, there is a considerable 
space, where almost continual calms are found, attended with thunder 
and lightning; and the rains are so frequent and heavy, that the 
space has acquired the name of the Rains. 

In the Indian Ocean, from about latitude 28° S to the equator, the 
S E trade wind blows pretty constantly ; but in the Arabian Sea and 
the Bay of Bengal there are certain periodical winds, called monsoons^ 
which, from April till October, blow from S W, and from the opposite 
point from October till April. The S W monsoon is frequently at- 
tended with tempests and rain ; but during the prevalence of the N E 
monsoon the weather is in general dry and pleasant. About the 
change from one monsoon to another very violent storms of wind are 
usually met with. 

Monsoons are found also in the Mozambique ChaDnel ; but the fair 
season there is during the S W, and the rainy season during the N E 
monsoon. 

On the coasts of Sumatra and Java, and along the coast of China, 
monsoons also prevail ; but they blow more neany from the north and 
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south than those in the Arabian Sea ; and they are, besides, much less 
regnlar, and are frequently interrupted by violent hurricanes, called 
typhoons. OS the western coast of New Holland there are regular 
monsoons, which blow from N W from October to April, and from S E 
during the remainder of the year. 

Beyond the Umits to which the trade winds extend, the winds are 
so variable, that all attempts to deduce the laws by which they are 
governed have hitherto been unsuccessful ; westerly winds, however, 
are observed to be, on the whole, most frequent 

From what has been said, it will readily be perceived that a mariner, 
bound to the westward, will avail himselif of the trade wind, when he 
can reach it without going too far out of his way ; but this wind, so 
fieivourable in running towards the west, is directly adverse in sailing 
eastward, and it womd therefore be a mere waste of time to attempt 
to sail to the eastward in the trade winds. 

Indiamen, both outward and homeward bound, generally cross the 
equator between i8° and 23° west longitude, and thus avoid the coast 
of America, as well as the calms off the coast of Africa ; and steering 
to the south-westward across the S E trade winds, tiU they reach the 
latitude where variable winds prevail, they then make towaids the east. 
In sailing outwards in the Indian Ocean, they generally run down their 
longitude south of the parallel of the Cape of Gtx)d Hope, and then 
steer across the S E trade winds towards India. 

Ships bound from Europe for the West Indies, and the southern 
parts of North America, avail themselves of the trade wind, which 
they endeavour to reach as soon as possible ; and, in returning, they 
steer towards the north, till they get without the limit of the trade 
wind, where they find the winds variable, and they then work their 
way towards the east. 

Ships from the coast of Guinea sail from S to E S E, as the wind 
will permit, till they reach the Island of St Thomas ; and with the 
wind which is generally found in that quarter they run to the west- 
ward till they meet the S E trade wind. 

Near the shore, in tropical climates, there are daily land and sea 
breezes, the wind blowing from the sea during the heat of the day, 
and from the land during the night. In very warm weather these 
breezes are often observed to blow pretty regularly, even in temperate 
climates. 
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CYCLONES. 

Cyclones, or circular storms, consist of a violent rotatory motion of 
the air, extending over a very great space of from 50 to 500 miles 
and upwards in diameter. It is observed that the rotatory motion is 
different in the storms which occur on opposite sides of the equator. 
In the Northern hemisphere the whirl is from right to left, or in a 
direction contiury to the motion of the hands of a clock ; and in the 
Southern hemisphere it is from left to right, or in the same direction 
as that in which the clock-handa move. 

Perhaps the easiest rule for remembering in which direction the 
rotation takes place is this : the wind is westerly in that part of the 
cyclone which ties nearest to the equator in eith&r hemisphere. 

It is also observed that the centre of the cyclone has a progressive 
motion ; those which arise in the tropics travelling first towards the 
westward, and gradually turning to the northward in the Northern 
hemisphere, and to the southward in the Southern hemisphere, and 
after arriving in lat. 20° or 25° turning back again towards the east- 
ward. 

To find the hearing of the centre of a ci/rcvlar storm. 

A more or less rapid veering of the wind is one of the indications 
of a cyolone, and the bearing of the centre of the storm is always at 
right angles to the direction of the wind, and will be found by allowing 
8 points to the right of the direction of the wind in the Northern 
hemisphere, and to the left of that direction in the Southern hemi- 
sptere. For example, in a northern storm, when the wind is N, the 
centre of the storm bears E ;. but in a southern storm, when the wind 
is N, the centre is due W of the ship. 

Again, in a northern cyclone, when the wind is N E by N, the 
centre bears S E by E ; but in the Southern hemisphere, with the 
wind N E by N, the bearing of the centre would be N W by W. 

Or, turn your back to the wind, and point sidewise with your left 
hand in the Northern hemisphere, or with your right hand in the 
Southern hemisphere, and your hand will indicate the direction of the 
centre of the cyclone. 

Of the veering of the wind in a cyclone. 

The direction in which the wind veers round will also indicate the 
direction of the general motion of the storm. Thus if the wind 
changes from N to N E and then to E, the bearings of the centre will 
also change in the Northern hemisphere from E to S E and then to 
S ; if the observer be supposed to look towards the centre of tb 
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storm, it will be passing to the southward of him, and from left to 
right or towards the westward. The wind was supposed to veer from 
N to N E and E, or towards the right ; and it may be remarked that, 
supposing the observer's face towards the centre of the storm, then 
when the wind is veering to the right, the storm is moving to the 
right ; and when the wind is veering to the left, the storm is moving 
to the left ; but if no veering takes place, but an increase in the force 
of the wind, the ship is directly in the track of the storm. 

As another example of this phenomenon, suppose that in the 
Southern hemisphere the gale veers from W to S W and S, or to the 
lefty the centre of the storm will change its bearing from S to S E and 
E, and will be observed to be moving towards the hft hand of a 
person who looks towards its centre. 



Ofheaving-to in a circular storm. 

When it is considered desirable to heave-to in a storm, it is of 
importance that it should be done so that the ship may come up to 
the wind instead o{ falling off from it ; and the rule is this, when the 
wind is veering to the right, or the centre of the storm is moving to 
the right, the ship should be laid-to on the starboard tack. K the 
wind be veering to the left, or the centre of the storm be moving to 
the left, lay the ship to on the port tack'. 



Of sailing from the centre of the gale. 

Captain Andrews, Commander of one of the Eoyal Mail Steamers, 
has observed, "that by keeping the wind on the starboard quarter 
when in a revolving storm, in the Northern hemisphere, ships gradu- 
ally sailed from the storm's centre. And by keeping the wind on the 
port quarter, when in the Southern hemisphere, ships gradually sailed 
from the centre of a revolving storm. This nile applies to thrw- 
quarters of the storm's circle. But care should be taken in its appli- 
cation, lest the ship be carried into what has been called the quadrant 
of greatest danger, and before the centre of the advancing storm."* 

For further information on this subject, see the valuable works of 
Sir W. Eeid and Mr. Piddington, &c. 

♦ The ** Progress of the Development of the Law of Storms,*' &o., by Sir William 
.Reid,K.aB. 
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PART III. 
NAVIGATION AND NAUTICAL ASTRONOMY. 



CONTAINING THE DEMONSTRATIONS OF THE RULES. ETC., 
GIVEN IN THE PRACTICAL PORTIONS OF THE WORK. 



To DEDUCE THE LATITUDE FKOM THE OBSEBVED MeBIDIAN AlTITUDE 

OP A KNOWN Celestial Object. 

Let, in the annexed figure, A C be the intersection of the plane of the 
meridian and that of me rational horizon, and F D the intersection of 
the meridian with the plane of the equator ; Z the zenith, P the north 
and E the south pole ; if S be the true place of a celestial object on 




the meridian, S A is its meridian altitude, S Z its meridian zenith 
distance is the complement of SA the meridian altitude, and is 
denoted as Tiorth or southy according as it is estimated from the object 
towards the north or south pole, and S F its north declination ; and if 
S' be the place of the object, S' A is its altitude, S' Z its zenith 
distance, north, and S' F its south declination : if S" be the place of 
the object, S" C is its altitude, S" Z its zenith distance, south, and 
S'' F ite north declination. 

Now ZS + SF, or S'Z-S'F, or S"F-S"Z = ZF the lati- 
tude. 

Hence, for any object, from its observed meridian altitude, find its 
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true meridian altitude, and the complement of this is the meridian 
zenith distance ; to be called north when the observer's zenith is north 
of the object, and south when the zenith is south of the object 

Find the Greenwich time of the object's meridian passage ; and for 
that time find its declination. 

Then if the zenith distance and declination be of the same deno- 
mination, that is, if they be both north or both south, their sum is the 
latitude ; but if they be of diflerent denominations, their difference is 
the latitude, and the latitude is always of the same denomination as 
the greater. 

The declinations of the sun, moon, planets, and principal fixed stars 
are given in the " Nautical Almanac,' the sun's both for apparent and 
mean noon, the moon's for every hour, the planets' for every day, and 
the fixed stars for the Greenwich time of their meridian passage for 
every tenth day in the year. 



To rrND THE Latitude fbom the Observed Altitude of a 
KNOWN Celestial Object when on the Mebedian below the 
Pole. 

In the last figure F P and Z C are quadrants : if therefore the 
common part Z P be omitted from each, P C, the elevation of the pole 
above the horizon, will be left equal to F Z, the latitude. Hence, if 
S'" be an object on the meridian, below the pole ; S'" C, its altitude, 
added to S'" r, the complement of its declination, will be equal to the 
latitude, and of the same name with the declination. 

Now the sun is on the meridian below the pole 12 hours after noon ; 
therefore if the longitude in time be added to or subtracted from 12 
hours, according as it is west or east, the Greenwich time at which 
the sun will be below the pole will be obtained. If to the time of the 
moon's passing the meridian, 12 hours, and half the daily difference of 
her meridian passage be added, the sum will be the time at which she 
will be below the pole ; and if 12 hours be added to the time at which 
a planet is on the meridian, the sum will be the time at which it is 
below the pole, exactly enough to compute its declination for finding 
the latitude at sea. 

Let then the decliuation of the object be taken out for the instant 
of Greenwich time at which it passes the meridian below the pole, and 
to the complement of its declination add its true altitude, and the sum 
will be the latitude, of the same name with the declination. 



To FIND THE Latitude by an Altitude op the Pole-Stab. 

Let P represent the north pole, M S N the circle which the pole^ 
star appears to describe round it in each sidereal day. 
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Let Z P be the meridian of the observer, Z his zenith, H the 
horizon, then Z and Z H are each 90°. 

Now when the star is at M, its altitude is M 0, and greater than 
the latitude which is measured by P 0, by the polar distance M P. 

Fig. 31. 




Again, when the star is at N, P can be found by adding the 
polar distance P N to N the altitude of the star. 

Half the sum of M and N is also equal to P 0, the latitude of 
the place of observation. 

JSext suppose the star to be observed at S, out of the meridian; its 
meridian distance Z P S can be computed, by subtracting the star's 
right ascension from the right ascension of the meridian (seepage 127). 
P S, the polar distance, is also obtained by subtracting the star's decli- 
nation from 90° ; and the altitude S H is got by observation. Let 
ZPS = A; PS=p; SH=a, andZS = 90°-a = 2. 

Draw S A perpendicular on the meridian ; then Z A is less than 
Z S ; for Z A is less than a quadrant, and therefore the opposite angle 
Z S A is less than a right angle ; and therefore Z S opposite to the 
right angle A, is greater than Z A. Then, A being nearer to the 
zenith than S is, A has a greater altitude than S. This being the 
case, let x be supposed to have the same altitude as the star S. Then 
P a? is the quantity to be subtracted from the altitude of x, or of the 
star S, in order to find P or the latitude. 

Now P aj is evidently the same as P A — A oj, and therefore sub- 
tracting this from the altitude a, we shall have 

the latitude =za'^PA-\-Ax. 

And it remains to assign values to P A and to A «, in terms of the 
known quantities A, j?, and a. 

SPA may be considered as a plane triangle, its longest side P S 
being only about 90 minutes ; and therefore 

FA = PS.cosSPA; or 

1st CorreeUon = polar distance x cos meridian dista/nce, or p , coa h. 

.• . The latitude s=sa -- p.cosh +A x. 

The little term A x still remains to be determined. 
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Z8=Zx, and therefore eoa Z8 = cos Zx; but by the spherical 
triangle Z S A ; cos Z8 z= cos ZA . cos A 8. 

,\ cos Zx=:C08ZA .COS A8 (i); 

but Zx = ZA + Ax. 

.'. cos Zx =zcosZA . cosAx-'SinZA . sin Ax; 
but since ii a; is very small, its cosine may be taken as unity : 

.\ cos Zx = cosZA^8inZA , sin Ax . . . . (2). 
And equating these two values of cos Z x, given in (i) and (2) ; - 
cos Z A . cos A8 = cosZA — sin Z A . sin A x. 

And therefore by ia»nsposition — 

sin Z A . sin Ax = cos Z A — cos ZA . cos A 8, 

A8 



and dividing by sin ZA, 



«2 

2 



sin Ax = cot Z A . 2 sin? 

2 



In this formula, Z x may be taken for Z A, from which it differs very 
little, and then, as cot Zx= tan x 0, or tan a, 

sin Ax = tan a . 2 sin^ — (3). 

A8 
But since A x and — are small quantities, 

sin Ax = (A x)" sin i" and dn — = (^^ sin i". ' ^ 

/A S\" 
Where (A x)" and ( — j are written for the number of seconds 



m 



A X and — respectively ; 



. >,A8 /A8''\' . , . 



AS ^ /AS^Y 

and 2sin^^=(A^sin^r'. 

22 
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And by the triangle AVS, AS = SP . sin SPA = p . sink; 
.\28in^ — = i {psinKfdn^ i", 

A 8 
Therefore, substituting for sin A x, and for 2 sin^ in equation (3), 

and dividing by sin i", 

{A x)" = ^ tan a . (p Bin A)* . sin i". 
And therefore, finally, the equation with which we set out, viz. — 

latitvde =^ a — AP -\- Ax^ 
becomes 

latitude = a — p .cosh-\-^ tan a , (p . sin hf . sin i". 

When h, which is the star's westerly meridian distance, is under 90° 
or over 270°, eoshis positive ; but when it is between 90° and 270°, 
cos h is negative, and p . cos h, or the first correction, becomes addi- 
tive instead of subtractive. 

The values here given of the first and second corrections of the pole- 
star's altitude, are the same as those given in the " Prefiice to tiie 
Nautical Almanac," and there employed in the computation of Tables 
I. and IL 

The second term of the correction itana,(p sin hy . Mn,i", may be put into a 
form rather more convenient for computation. If p be estimated in minutes instead 
of seconds, it becomes 

i tan a ,(pnn hy . nn i\ 

And this may now be reduced to seconds by multiplying by 60, when it becomes 
30 tan a . {p nn hy . sin i'. 



But ?o sin i' = — very nearly ; the term then becomes 
• ^ 800 



g^ . ton a . (j> nn hy, 

which will represent the second correction in seconds, but 

ip . sin hy = CP8. sin Z Pf 
= A8* 

= 8F^^PA* 

= (8P + PA),(8P-PA) 
' = Ipclar distance -{-first cor,) . (polar diit. - i«< eor,) 

therefore the expression becomes 

— . ton att. (pel diet, + Jst cor.) . {pol. disL - ist cor.). 

800 
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Method of Fnn>iKa thb Latitudb by Altitudes of any Geles- 

TIAIi ObJBOT when it IB NEAB THE MeBIDIAN. 

In the annexed figure, Z P is the meridian, Z the zenith, P the 
pole, Z P the colatitade, S the place of any celestial object at the 




time of ohseryation ; z its zenith distance, p its polar distance, h the 
hour angle or meridutn distance ; then by spherical trigonometry — 

COS z = eoap cosV -{-ainp sin T cos h; 

or, if Z = latitude, 
C08 z = eoap sinl-\- sin p cos I cosh . . . (i). 

When the object is on the meridian, the hour angle yanishes, and 
therefore its cosine - i. 

Let (z — r) s= the meridian zenith distance ; less than the zenith 
distance z by a small quantity r. 

.'. cos (z — r) = cosp sinl -^ sinp cosl . . . (2). 

Therefore, taking the di£ference between equations (i) and (2), 
cos {z — r) — cos z = sinp cosl . 2 sin^ ^h . . . (3), 
for I — co« A = 2 sin^ J h. 

Also cos{z — r) — cosz ^ 2 sin(z j. sin -; 

= 2 sin (z - r) . sin -, nearly, 

writing » — r for « — -, which may be done with impunity, the 

quantity - being very Fmall, as the object is supposed to be near the 
meridian. 
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Substituting this in equation (3), and dividing by 2, 
»in (2 — r) . sin - = dn p . cosl . sin^ --, 



V h 

sin - = sin p . cost . eosee (2 — r) . sin^ -, 

2 2 

whence the seconds in r = sin p . cosl . cosee (z — r) x — ; — |— . 



nearly, r being a small quantity. 



sin i" ' 



The reduction computed from this formula is to be subtracted from 
the zenith distance of the object at the time of observation, when the 
object is near its upper transit, or added to the zenith distance deduced 
from observation near the lower transit, to obtain the zenith distance 
at the time when the object passes the meridian. 



The factor -. — %— is given in Table XI. 



sm I 

The declination has not been considered as changing, and is, there- 
fore, to be taken out for the Greenwich date of the observation ; and 
when several observations are taken, the declination must be taken for 
the Greenwich date, corresponding to the mean of the times of obser- 
vation. 

If the meridian altitude be not observed, the meridian zenith dis- 
tance may be computed, by adding the latitude and declination together, 
when one is north and the other south, and by taking the difference 
between the latitude and declination, when they are both north or both 
south. 



To FIND THE Hour Angle or Meridian Distance of any 
Celestial Object from the observed Altitude. 

(i.) In the adjoining figure, let MZP be the meridian of the 
observer, Z the zenith, P the elevated pole, S any celestial object, 
Z S the zenith distance, Z P the colatitude, P S the polar distance of 
the object = j?, Z Z P S the hour angle or meridian (ustance. 

Fig. 23. 
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Let the altitude = a, the latitude = I, the Z Z PS = h. Then by 
the spherical triangle Z P S^ 



rr-T^ci C08 Z -^ COS p . COSl 
COS Z P S = ; ^-r-j, 

8tn p . 8tn I 



, 8tn a ^ C08 p , 8tnl . 

.'. C08 h = V- ^-—j .... A. 

Slfi p , C08l 

, sin a — cos p , sin I 

.'. I — co« ^ = I : ^—^ 

sin p . cosl 

. - , , sin p .cos 1 4- cos p , sinl ^ sin a 

2 stn* ih = ^ J ^ — J 

* sin p , cosl 

_ sin {p-^-l) -^ sin a . . 

~ sin p . cosl • • • V > 

But 8in{p-^1) — sin a = 2 cos J (j? + Z + a) . sm J (2? -|- Z — a), 
and ifi(p4-Z + a)he represented by S, 

2 S = _p + Z 4- a. 
28--2a=p-j-l^a. 
S - a = i (2? + Z - a). 
.'. sin (p-\-l) — 9in a = 2 cos8 . sin (S — a) 

And this substituted for the numerator in equation (i), dividing by 2, 
and taking the square root^ 

. , , - , , /cos S . sin (S — altitude) 

sin half hour angle = ^ / =— j — r = ,. ^ ^ 

•^ "^ S/ cos lat, sin polar dtst. 

The method of finding the time at any place from the hour angle 
computed by means of this formula is explained in the practical 
portion of the course, at page 127. 



On the Rising and Setting of Celestial Ohjects, TtvUight, dte. 

Besuming the equation (A) of the preceding demonstration, 

, sin a — cos p . sin I , . . 

cos h = -. *^ — , .... (A). 

stn p . cosl ^ ^ 

At the time of the rising or setting of any object its altitude is o, 
and therefore o must be substituted for a in the formula ; and if H 
be taken to represent the value of the hour angle or meridian distance 
at the time of the rising or setting, formula (A) becomes 

TT cos p , sin I 111 / N 

cos H = ^—^ ^ = •- cot p . tan I , . . . ( i ). 

stn p . cosl ^ ^ ^ 

The negative sign which is found attached to the second side of 
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the eqnation is to 1)6 explained in the following manner: Up, or the 
polar distance, be less tnan 90°, H, the honr angle is ^eater than 
90°, and so cos H, negative; otherwise, the anomaly is presented 
of a positive quantity eqnal to a negative one. And agam, if the 
polar distance j9 be greater than 90°, cot p becomes a negative quantity, 
and the secona side of the equation is then positive, and therefore the 
honr angle H is then less than 90"^, or 6 hrs. 

Hence when the polar distance is greater than 90°, the object 
rises and sets at less than 6 hrs. distance from the meridian ; and con- 
versely when the polar distance is less than 90°, the object rises and 
sets at a greater distance than 6 hrs. from the meridian. From this, it 
might be inferred that when the polar distance = 90°, the meridian 
distance will be = 6 hrs. ; and this is also borne out by the formula (i) ; 
for if jp = 90°, cot p = o\ hence the second side of the equation 
vanishes, and therefore also coa H = o, and consequently H = 90"", or 
6 hrs. 

The polar distance of a celestial object is estimated from the pole 
of the lieavens which is elevated above the horizon of the observer, 
that is, horn the North Pole in north latitude, and from the South Pole in 
south latitude ; and hence the polar distance is less or greater than 90°, 
according as the object and the zenith of the observer are on the same 
side or on different sides of the equator ; in other words, as the lati- 
tude of the observer and the declination of the object are of the same 
or different denominations. 

Thus in north latitude, when the sun has south declination, his 
north polar distance is ^eater than 90°, and then the sun will rise 
and set at less than 6 hrs. from the meridian, and therefore remains 
less than I2h. above the horizon. So, when in north declination 
the son continues visible for more than 12 hrs. "When his de- 
clination is o, as it is at the time of the equinoxes, the day 
(abstracting the effect of refraction which vdll extend its duration) is 
12 h. in length, in whatever latitude the observer may be placed. The 
day and night are equal at these times at every place on the earth. 

We may now enquire what effect will be produced by varying the 
latitude in the same formula : in the first place, if the latitude Z = o, 
then tan I also = o, whence cos H = o, and consequently H = 90°, or 
6 h., whatever the polar distance may be. 

If the object be the sun, then it follows that, to a person situate 
at the equator, the sun will remain above the horizon 12 h. and below 
the horizon I2h., or the days and nights are equal at all times of 
the year, or whatever be the sun's place in the ecliptic. Moreover, it 
appears that at the equator every parallel of declination is bisected by 
the horizon, for every star remains as long above as below the horizon. 
This is also accounted for by the fact, that both the poles of the 
heavens are in the horizon; the elevation of one pole and the de- 
pression of the other being always equal to the latitude of the .place 
of the observer, which is in this case nothing ; hence the horizon will 
be an hour circle or meridian of the heavens, and is, moreover, the 
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six o'clock hour circle, for it is at right aiigles to the meridian of the 
observer. 

Lastly, if cot p , tan I should be greater than i (which is 'always 
the case when the latitude I exceeds the polar distance p)^ the value 
of cos H is impossible, for cos H cannot be greater than i : and 
therefore the hour angle at rising or setting could not be computed 
from the formula : and this is the way in which the equation indicates 
the simple fact that any star whose polar distance is less than the 
latitude of the place of observation never meets the horizon of that 
place, and therefore can never be said to rise or set. Hiis is the case 
with the stars of the constellation Ursa Major and others viewed in the 
latitude of London, and with the sun himself in the polar regions. 
The sun's greatest declination is about 23° 28', and therefore his least 
polar distance about 66° 32'; and therefore in a higher latitude than 
this, the sun may be seen to complete his daily course without sinking 
beneath the horizon. 

One of the objects of the preceding remarks has been to show how 
a concise mathematical formula such as equation (i) embraces all the 
geometrical features of the problem to which it belongs, and the 
method of translating such expressions so as to extract from them all 
the various conditions and forms under which the problems connected 
vrith them may be presented. 

Some of the results which have been deduced may be illustrated 
by the annexed diagram, which represents the horizontal pro- 
jection of the sphere described at page 72. Let P represent the 
North Pole ; N is the North, S the South, E the East, and W the West, 
points of the horizon ; W Q E the equator. The half of the horizon 
W N Eis the north of the equator, and the other half W S E is south of 
the equator ; and therefore any object A which rises in the quadrant 
N E, or sets in N W, must have north declination, and its north polar 
distance must be less than 90^ but its meridian distance at rismg or 
setting Z S P A, or Z S P A', is greater than 90°. 




Again, any object rising at B, or setting at B', has for its polar 
distance PB, or PB', each more than 90°, and for its meridian 
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distance Z S P B, or Z S P B', which are each less than 90'' ; for the 
six o'clock hour circle W P E is at right angles to the meridian. 

Example. — Required the time of sunset on May i6th, 1855, when 
the sun's declination is about 19° 2' N, in latitude 18° qo' N, longi- 
tude 160" E. :> > 5 

Here the polar distance _p = 70° 58' and Z = 18° 50' N. 
008 H = — cot p . ^n L . 



P=7o 58 
Z= 18 50 


cot 
tan 


9'537793 
9-532853 






83 15 


cos 


9-070645 






96 45 

4 


(grea 


\er than 90° 


leoautep 


UleBs) 


6^0) 387 




6h. 37 m. 















Hence the time of sunset is about 6 h. 27 m. apparent time, and the 
time of sunrise as much before noon, or May i6th, 5 h. 33 m. a.m. 
apparent time. However, this must only be considered as approximate, 
for the declination given is that which tne sun has at Greenwich appa- 
rent noon. But with the time just found and the longitude, the 
Greenwich date may be nearly ascertained and the declination of the 
sun taken out more correctly, thus : — ! 



h. m. 
Itete at place nearly May i6th . 637 
Longitude 160° E 10 40 

Greenwich date . . May 15 th 19 47 app. time. 


Declination, Page I. 


Equation of Time. 


18 48 3-4 N 
+ II 38-9 

18 59 42-3 

jp= 71 00 17-7 N. P. D. 


m. 8 

3 53 '87 — to app. time 
- -42 


3 53*45 



s 2 - T 
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p = ji oo cot 9*536973 
i= 18 50 tan 9*532853 

83 15 008 9*069835 

96 45 (greater than 90° because p is less). 



387 00 

b. n 
. 6 2: 
Equation of Time ... 3 53*45 



b. m. B. 
Hour angle West . . . 6 37 o 



May 1 6th 633 6*55 Mean time of setting. 



The time of sunrise on the same day would be about 6 h. 27 m. 
nearly before noon, or the astronomical date of snnrise wonld be 
May iSth, I7h. 33m.; the Greenwich date corresponding to this is 
May iSth, 6h. S3m., and for this date the polar distance and equa- 
tion of time taken ont from the '* Nautical Almanac/' are, 

Polar distance, 71° f 53". Equation of time, 3 m. S3*64s. 



^ 


p= 71 8 cot 
1= iS 50 tan 


9*533679 
9*532853 




83 18 cos 


9-066533 




96 43 




May 15th . . . 
Equation of Time 

May 15th . . . 

Or May i6th, 5 h. 29 m. 


h. m. & 

6 36 48 


B. 


• 17 33 " 

• - 3 54 


. 17 29 18 


18 8. A.M. civil dat 



It must now be said that the times here computed are those at 
which the sun's centre is on the rational horizon, not the times of its 
appearance above or disappearance below the horizon at sea. 

By reason of refraction, celestial objects appear about 33' above 
the norizon when they are really upon it ; and the elevation of the 
eye above the sea on board ship enables us also to see a few minutes of 
roace below the true horizon. For instance, when an object appears in 
the horizon to a person whose eye is at the level of the sea, it will 
appear to have an elevation of 3' 56" to a person who is raised 16 
feet above the sea. Besides, the sun has a disc whose semidiameter 
is 16', and consequently, if we understand by its rising the first ap- 
pearance, and by its setting the vanishing, of the it^er limb, the cir- 
cumstances here mentioned will accelerate the first appearance and 
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retard the final disappearance of the snn by as mncli time as it will 
take for him to rise or sink through a space equal to the sum of the 
dip, refraction, and semidiameter. 

§. Supposing the height of the eye to be i6 feet, and therefore the 
dip 3' 56", the semidiameter 16', the refraction 33', the sum of these 
will be 53' nearly; and when the sun's upper limb just appears at the 
sea horizon, the sun's centre will really be 53' below uie rational 
horizon, or will have a depression of 53'. 

For a star, the dip and refraction only must be taken into account. 

The formula for coi^puting the meridian distance, and thence the 
time at which a celestial body vrill have any given depression below 
the horizon, may be readily deduced from what* has already been 
done, for we have only to write — cZ for -|- a, when the formula 

^ 8tnp . cos I 

becomes 

• <», I sin Ip-^-h-^-dn d 

sin^ih = -,— — ^-^ 

** sin p , cos I 

and reducing this by the principles of trigonometry, and putting 8 

sinp.cosl 
in which d represents the depression below the horizon. 

This formula vrill serve not only to compute more correctly the 
time of the rising and setting of the heavenly bodies, but also the 
times of the beginning and ending of twilight, and other interesting 
problems of the same dass. 

With respect to the twilight, it is generally agreed that the atmo- 
sphere ceases to refract light when the sun nas sunk 18° below the 
horizon, hence vmting 18° for d in the formula last given, the sun's 
meridian distance and the time may be found when tmlight begins or 
ends. 

As, however, the declination is required in these computations, and 
therefore a Ghreenwich date, it is necessary to assume a date : or to 
compute the time approximately first, witn the declination at noon, 
and then having found the correspondi ng G reenwich date, correct the 
declination and recompute the whole. When the object to which the 
calculation relates is a fixed star, the process is more simple, since the 
star's declination may be considered as constant ; and it will be suffi- 
cient to take it out for the day of the month. 
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Example.— At vfheit time did Altair rise on August igth, 1855, 
in latitude 51° 29' N, longitude 18° 00' W? Height of eye 18 feet. 



Dip. . . 4' " 
Ref. . . 33 

Actual depression 37 11 




Declination 
North polar d] 


. . . 8 29 24-8N 


Lstance . 81 30 35 -a 




Depression 




. . . d- 


t It 

37 II 

51 29 sec '205692 
81 30 35 cosec -004786 

[33 36 46 

66 48 23 sin 9*963400 
66 II 12 cos 9'6o6i22 


Latitude 




. . . 2- 


Polar distance 




n — 




i 

i hour^ 
Hour^ 
i 
Eastern hour angle 
Western hour angle 


2) 19*780000 
50 55 6 sin 9*890000 
roi 50 12 


\oj 20 48 
6h. 47 m. 20* 8s. 
17 12 39*2 


Western hour angle . 






h. m. 8. 
17 12 39-2 
19 43 44'9 

12 56 24T, 
9 49 5*2 

3 7 i8-9 
I 12 o*o 


Altair's R. A 




nAA 


(Rejecting 24 li.)R. A. of meridian .... 
R. A. of mean sun at Greenwich mean noon . , 

Time at place (nearly) .... Aug. igtK 
Longitude in time W add 

Corresponding Greenwich date . . Aug. 19th 


4 19 18*9 


On Aug. 19th, at noon, mean O's R 

1 4h- . . . 
Acceleration for < 19 m. . . 


.A. . . . 


h. m. s. 

9 49 5'2 

39-4 

3*1 

•I 


f 18*9 8. 












9 49 47'8 


R. A. of meridian. . . . 






h. m. 8. 
12 56 24*1 
9 49 47*8 

3 6 36*3 


R. A, of mean .... 
Date at place, of star's rising 


• • 


Aug. 19th 
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To FIND THE BaTIO BETWEEN A SmALL EkROB OF ALTITUDE AND 
THE EeEOB in the HoUB AnGLE COMPUTED WITH THE ALTI- 
TUDE. 

Gommencmg with the fundamental equation, 

eo8 z = 008 p. sin I -{- sin p, cos I .cosh . . . (i). 

Where z = zenith distance, p polar distance, I latitude, h hour 
angle. 

Then if with a zenith distance z-j-x, the computed hour angle 
change to A -|- y, where x and y are supposed to he hoth small, the 
problem proposed is reduced to the inquiry as to the value of 

-> or -, y being the error of the hour angle, and x the error in the 

altitude. 

And in the first place equation (i) becomes 

cos (2 + ^) = ^^^P • **^ ^ + ^*^ p .cosl ,co8 (h-^y) . , <, .(2). 

Next expanding cos (2 + a;) and cos {h-^-y), and noticing that 
cos X and cos y wul be very nearly = i, 

COS z — Hnz , 9inx = cosp ,8inl + sin p , co$ Lcos h — Hn p , coa I , sin h , sin y (3). 

And now subtracting each side of this equation from the corre- 
sponding sides of equation (i), 

sin z , sinrx = sin p ,cos I . sin h . sin y ; 

sinv 1 y sin z 

.'. -T— ^ = very nearly ^ = -, . — ^-, .... (4), 

sinx X sin p . cost . stnh ^^^ 

But sin p . sin h = sin z . sin azimuth (see figure, page 258;) 

If error of how angle i 



X error of altitude sin azimuth . cos latitude 
=z cosee azimuth , sec latitude 
or error of hour angle = (error of alt.) . cosec az, sec, lat . , . .(5), 
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But the resnli here obtained can be mnch more readily deduced by means of the 
differential caloalas ; for differentiating equation (i) with respect to z and K 

^ 8inz= -- sinp ,co8l .sink , 



dz' 



dh 
dz' 



sinz 



' Hnp , coel , stnh* 

and this equation agrees with that marked (4), d h and d z here representing the small 
errors denoted by y and x above ; and the reduction to the form (5) ^^S completed 
as before. 

From the equation (5) it may be seen that any small error of the 
altitude will produce a smaller error in the hour angle, the smaller the 
factor cosee azimuth is. Now cosec azimv£h is least when the azimuth 
is 90°, for then cosec azimuth = i. When the azimuth is 90°, the 
object is upon the prime vertical, and bears E or W, and we learn 
that the nearer that any object is to the prime vertical at the time of 
observation the better will that observation be for the computation of 
time. 



Method op Computing the Azimuth. 

I. WUh the Altitude. 

Let A Z P be the meridian of the place of observation, P the ele- 
vated pole, Z tiie zenith, S the object ; then A Z S is the azimuth 
from the north in south latitude^ or from the south in north latitude. 



Fig. 25. 



A 

Now cos 8ZP ^ --cos A Z8, 



and therefore 



A r, c^ COS p — COS Z . COS V 

'^ cos AZ S - — ^-T : — v • 

sm z . stnC 

Where i> ^F8,z^ Z8, and T = PZ. 
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Or if a ■: the altitude of S; and I the latitude of the place of 
observation, 

A r^ci COS p — sin a . sin I 

— cos A ZS = — 5 / 

cos a .cos I 

A rw a COS a . cosl + cos p ^ sin a , sin I 

.'. I - cos il ZS = -?- ^ — J 

cos a , COS I 

But I ^co8AZS= 2 sin "^^ AZ8; 

and cos (a + Z) = cos a cos I -^ sin a sin I 

• 21 >i'7cy cos (a+jy+cosp .. 

r.2szn-iAZ8= \^^[^^^l ^ ■ . . . (I). 

Again cos(a + l)'\- cosp = 2cos\{a + l '\-;p).cos i {a + l-p\ 
and if 2/8^ = a + l+p; 2S-2p = a + l-p, 
and 8 = ^{a + l+p); S ^ p = ^ {a + l ^ p); 

Therefore cos (a + T) + cosp = 2 cos 8 . cos (8 ^ p); and this 
substituted for the numerator of the fraction on the second side of 
equation (i), gives 

«. , Arrcf A. /cos 8 . COS (8 - polar dist) r^\ 

2. When the altitudes are taken in the morning or evening for 
time, if the bearing of the sun be also observed, then after the hour 
angle P is computed, the azimuth may be computed thus : — 

8in(AZ8or8ZP) __ sin P 8 ^ 
sinP sm Z 8' 



, r^ri nrrry\ sin P , sin P 

^ sin polar dist x sin hou/r angle 
" cos alt, 

3. When the object is near the prime vertical, some doubt may 
exist as to whether the azimuth A Z S computed from this formula is 
greater or less than 90"*. This doubt majr be resolved by computing 
ttie altitude of the object when on the prime vertical, and if this be 
less than the true altitude deduced from the observation, the azimuth 
will be less than 90° ; but if the altitude deduced from the observation 
be less than the altitude on the prime vertical, the azimuth will be 
greater than 90°. 
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4. To compvie the AUitude of the Object tvTien on the prime vertical. 

Let S be the position of the object on the ]prime vertical, then 
PS is its polar distance, W S its altitude ; and in the right-angled 
triangle PZS. 

Fig. 26. 




/y arj COSSP ' TTT ct C08 8 P 

€08 PZ^ 8inPN 

P N is the elevation of the pole = latitude of place. 

. , , . V _ co« pdar distance 
^ *^ "~ ■ sin latitude * 

• / I i,\ 9in declination 
or stn (+ alt.) = — . — 7-,.,— 7— . 
^— -^ sin latitvde 



The sign -f- to be taken when the declination and latitude are both 
N or both S, and the sign — (signifying depression below tiie hori- 
zon), when the declination and btitude are of contrary denomina- 
tions. 

5. When the declination is greater than the latitude, 

sin declination . . ,, 

— ^—f-j^T-j — IS greater than i, 
sin latitude ° 

and, therefwre, there cannot be found any altitudes on the prime 
vertical ; in other words, the object does not pass the prime vertical 
at all. 

This analytical result may be graphically illustrated by the annexed 
figure. NESW again represents the horizon, WZE, the prime 
vertical, W Q E, the equator. 
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Fig. 27. 




Z Q is the latitude ; X Q, the declination of an object at X, is 
greater than the latitude ZQ. The object X is carried by the 
diurnal rotation round the dotted circle, and therefore never meets 
the prime vertical at all. 

Again, the circle F G represents a parallel of declination on the 
other side of the equator from the elevated pole, and a body moving 
in this circle rises at G- and sets at F, and does not meet the prime 
vertical dbove the horizon N E S W. 

The sun at the equinoxes is in the equator W Q E, and then rises 
at E the east point, and sets at W the west point of the horizon. 

If another parallel of declination were drawn cutting the meridian 
between Z and Q, it will be readily seen that such a parallel would 
cut the prime vertical W Z E, in the diagram, which represents the 
visible hemisphere above the horizon ; and therefore any object appa- 
rently moving on such a parallel might be observed on the prime ver- 
tical. The declination of this parallel would be less than Z Q ; that 
is, less than the latitude of the place of observation ; and hence this 
is the test of the visibility of a celestial object on the prime vertical. 
The declination must be less than the latitude, and the latitude and 
declination must he of the same denomination. 

In the example at page 129, the altitude = 49° 10', latitude 
32° 40' S, polar distance 6y° 21', and computed hour angle = 45° 3'. 



Hour angle . . 
Polar distance 


• 45 3 
. 67 21 


sin 
sin 


9-849864 
9-965143 


Altitude . . . 


. 49 10 


cos 


9-815007 
9-815485 


or 


87 19 
. 92 41 


sin 


9-999522 



Now one of these is the azimuth from the north, and the other 
from the south point of the horizon. But which is the azimuth from 
the N : the acute angle 87° 19', or the obtuse angle 92° 41' ? 

e • • 

O / 

Polar distance . . . . 67 21 cos . 9-585574 = sin dec. 
Latitude 32 40 sin 9" 732193 

Altitude on prime vertical 45 31 sin 9*853381 
Altitude at time of obs. . 49 10 — 
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The sun is therefore past the prime yertical^ and the azimtith 
N Sf 19' E. 

No doubt can arise when nsing the formula (2) at page 265, and 
therefore in cases like the one here given it is to be preferred* 



Method of Computing the Azimuth without the Altitude. 

1. With the time at place and Greenwich date the meridian dis- 
tance of the object can be found, and then the polar distance, latitude^ 
and meridian distance are the data with which the computation is to 
be made. 

2. See figure, page 254, SP, PZ, and the contained angle P are 
given ; therefore by Napier's analogies, 

tani^{Z -- 8) = sin i (8P - PZ) . cosec i (8P + PZ).cot J P. 
te» 4 (Z + iS) = co« i {8P - PZ) . sec i (8P + PZ) . cot i P. 

Whence Z and 8 can be found ; noticing that the greater angle is 
opposite to the greater side ; that Z is the azimuth from the north 
in north latitude, and from the south in south latitude; and that 
i (Z + S) is always of the same affection as ^ (SP + PZ). 



To Compute the Amplitude of a Heavenly Body. 

The amplitude is the angular distance of any celestial body from 
the east pomt when rising, or &om the west point when setting. The 
amplitude is therefore the complement of its azimulh at these times. 

Now referring to the investigation at page 265, , 

A r7ct cos p ^ sin a. sin I 

-^ cos AZ8 - — ^- = ; 

cos a. cos I * 

But at the rising or setting of the body the altitude (a) = 0, and 
therefore sin a - and cos a = i, and therefore if A represent the 
azimuth at this time, 

-^ cos A - — ^ - cos V. seel . . . (\\ 
cos I "^ ^ ^ 

The negative sign indicates that when the polar distance is greater 
than 90"^, the azimuth at rising or setting is less than 90"^ ; and con- 
versely, when jp is less A is greater tlmn 90°. Therefore in north 
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laiiinde when the declination of the object is north, the object rises in 
the NE and sets in the N W quarter of the horizon, as at a; and v! ; 
and in north latitude, when the declination of the object is south, the 

Fig. 28. 




object rises and sets in the S E and S W quarter respectively as at y 
and y'. Therefore the amplitude E y, W y', E oj, W a;', will be 
northward or southward of E or W ac<?ordinff as the declination is N 
orS. 

Again, if j? = 90°, since co%'p will then = 0, so also coz A - o^ and 
A = 90°, or the object will rise and set at the east and west points 
of the horizon, respectively. 

Now A = the complement of the amplitude, and therefore by 
equation (i), ' 

Sin amplitude = sin declination x sec lat. 

or in the figure, since P y' = the polar distance and P N the eleva- 
tion of the pole or the latitude of the place of observation, and N P y' 
is a right-angled spherical triangle, 

T^T , COS P y' 

cosNy = =r-?r 

^ cos FN 

sin Wy' = cos P y' . sec PN, 
or, 

sin amplitude = sin declination x sec latitude. 



Method of FiNDma the Latitude and Longitude by means of 
TWO Altitudes, and the correct Greenwich Date deduced 
FROM A Chronometer. 

About thirty-five years ago the late Mr. Ivory gave, in the " Philo- 
sophical Magazine," a solution of the double Altitude Problem, show- 
ing how both the latitude and middle time at the place might be 
computed from the altitudes, elapsed time, and the mean of the decli- 
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nations at the times of obserration ; and he gave also the first term 
of the corection of both for the change of the son's declination in the 
intenraL In a subsequent number of the same work, the problem for 
latitude was much simphfied by my father, and in the form in which 
it was put by him, it has since been published in many works on 
Nautical Astronomy, both in this country and elsewhere. 

About midsummer, 1849, ^^ occurred to my &ther, that besides the 
latitude, to the finding of which the problem had been exclusively 
appUed in practice, the longitude mignt readily be determined by it, 
if the times were marked by a chronometer, whose error for Greenwich 
time was known ; and he proposed to effect this by comparing the 
middle time at Greenwich, deduced from the chronometer, with the 
computed middle time at the place of observation. 

Having taken much interest in this extension of the problem, and 
daily witnessed the successful application of it by the boys of the 
Nautical School, I was induced to examine whether the first term of 
the corrections just referred to would give- results which would satisfy 
the requirements both of theory and practice ; and I found that for 
latUuae the first term is sufficient for this purpose, but with respect 
to the middle time, the second term of the correction may have a 
value which ought not to be neglected. The investigation of these 
corrections which follow was first given in a paper printed in 1850. 

— J. B. 



Method of Double Altitudes op the Sun. 

Let A be the position of the sun at the first, and B its place at the 
second observation ; P A and P B, the polar distances are considered 
as equal to each other, and in the practical solution of the problem are 



Fig 29. 





taken out for the middle time ; thus one is always greater, and the other 
less than the truth. A B is an arc of a great circle joining the points 
A and B. P C is drawn bisecting the angle B P A, and it therefore 
bisects the arc B A also ; and Z D is drawn perpendicular to P C. 
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A P B is the measure of the elapsed apparent time, A P or B P C 
half the elapsed apparent time. 

AZ and feZ are the tme zenith distances, A E and B L the trae 
altitudes, Z P the colatitude, P N the latitude. 

In the following demonstration the polar distance is denoted by the 



letter p, the ai\gle A P G by H, half the sum and half the di&rence 
of the altitudes by S and D respectively. 

And the arcs AC, CP, ZD, CD, and DP by the letters A, E, I, 
O, and (E — O), and they are found in the order here mentioned. 

1. In the triangle A P 0, sin AC = «m AP . sin A P C, 

or, ' sin k = sin p . sinB. . . . (i). 

2. In the same triangle, cos A P = cos A C . co« P C ; 

cos P C = cos A P . see A C, 
or cos E = cos p . sec A . . . {2). 

3. The third and fourth arcs, I and O, require a' little more dis- 
cussion. 

Since P C A and P C B are right angles 

.-. cos ZC A = sm ZCD and cos ZCB = -smZCD. 

And therefore in the spherical triangles Z C A and Z C B 

co«ZA(=«n AK) = co«ZO.coaCA + «»ZC .wnCA.wnZCD . . (3) 
andco«ZB(=«nBL) = co« ZC . co« OB - wn ZO . ainOB. wnZOD . (4) 

Therefore by subtraction, observing that G B = C A, 

sin A K — sm B L = 2 sin Z C . sin C A . sm Z C D . . . (5). 

But sin ZG . sin ZGI> = sinZD, and by substituting this in the 
second side of equation (S), 

sm AK — sin B L = 2 sin G A . sinZD; 

. „T\ sin AK ^ sin B L ,^. 

■'■''^^^ = — ^li^roA — • • • • (^>- 

And expanding the numerator of the fraction, and denoting 
4 (AK + BL) by S, and i (AK - BL) by D 

. rz rx COS S . sm D 

stn lD = i— >^ r — 

sm C A 

or sin I = cos8 . sinD . cosec A ... (7) 

which is the formula for computing the third arc I. 
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4. Taking the som of (3) and (4), 

Mn A E -j- Mn B L = 2 cos ZC .cos C A; 
hut cos ZC = cos CD .cosT> Z, 

and therefore sin AK + sinBh = 2 cos C D . cos DZ . cos G A, 

, n r\ sin AK + sin Bit 

and cosCD^- f^ j^^-r-; 

2cosDZ.cosGA' 

And again expanding the nnmerator, and proceeding as with equa- 
tion (6)9 

sin B . cosD 



cosCD = 



cos \ . cos A * 



I and A being pnt for DZ and GA as agreed npon at the outset. 
G D is also to be denoted by O. 

.*. cos O = sinB . cosD . sec A . sec\ . . (8). 

5. And in the case illustrated by the two diagrams, 

PD = PC-GD = (E- O) 
and CM P Z = sin lat = co« P D . co« D Z 

= cos (E - O) . cos I . (9). 

6. The formulae numbered i, 2, 7, 8, 9, are those given in the rules 
at page 173, for the practical solution of the problem, and they 
enable us to compute the latitude (nearly). 

7. For the computation of the middle Jiour angle, Z P and D Z are 
known; 

.*. sin D Z = sin Z P . sm D PZ, 

or sin I = cos lat . sin H', 
where H' = Z D P Z, the hour angle at the middle time ; 

.*. sin H' = sin I . sec lat (10). 

"Which is the formula given for the computation at page 174. 

If the object observed be the sun, the latitude and middle time will 
both require to be corrected for the false assumption of the equality of 
the polar distances at the times of observation. 
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Let A P and B P represent the equal polar distances whicli have 
been employed in the previous calculation, and let A P' and B F be 
the actual polar distances at the times of observation, the corrected 
place of the pole will be F or p, according as A P' is greater or less 

Fig. 31. 




than B F. P F joining the mean place of the pole P to its true 
place P' may be considered as a straight hne at right angles to the 
bisector P C. 

Make A D = A P, then D F = error in each polar distance uFcd in 
the calculation, the one, A P, being as much less than A P' as the 
other, B P, exceeds B P'. Hence D P' is half the difference between 
A P' and B P', or half the change of the polar distance in the time 
elapsed between the observations, and can be computed thus — 

c = (diff, of declination in i hov/r) x i (elapsed timey in hours) (i). 

If P' E be drawn perpendicular to the meridian, the distance of E 
from P will measure how much the corrected position of the pole, P', 
is to the northward or southward of its place found by assuming the 
polar distances equal; in the case chosen for illustration, F is north of 
P by the quantity P E, and, therefore, if N represent the north point 
of the horizon, N P will be the first computed latitude, and N E the 
corrected latitude. 

Join D P, which may be considered as perpendicular both to A P 
and A P'. 

Since ZCPP'=ZAPD; each being a right angle, 
omit Z C P D from each. 
.-. Z APC= ZDPF; 

but A P C is the measure of the half-elapsed time, 

and, therefore, D P F is also = half-elapsed time in arc = H . , (2). 
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The angle Z P C, between the meridian P Z and the middle-honr 
circle P 0, is the hour angle at the middle time, or middle-honr angle 
= H'; 

ButZ ZPC+ Z CPF+ Z PTE = 180° 
and Z CPF = 90" 

/. ZZPC+ZFPE = 90° 
andzPFE + ZFPE =90*^ 

/. Z ZPC = ZPP'E 

Consequently Z PP'E also = H' (3). 

By the right-angled triangle DPP', 

PF = DF . cosec Z DP F = c . cosec H. 
And by the right-angled triangle FP E, 

PE = PF. 8m ZPFE; 

But Z P P' E = H' by equation (3) and P F = c . cosec H, as has just 
been shown ; 

.• . Correction ofcompvied lat = c , cosec H . sin H*^ = C . (4). 

1. In the case to which the diagram applies, the sun is further from 
the meridian at the second observation tlmn the first ; and, therefore, 
the second altitude is less than the first. 

2. Also the polar distance B F, at the time of the second observa- 
tion, is less than A F, the sun's polar distance at the time of the 
first observation ; the eun is, therefore, advancing towards the pole of 
that hemisphere in which the observer is situate, and therefore the 
days are increasing in length. 

3. In the third place, since the corrected latitude, N E, is less than 
that which has been found with the equal polar distances, P N, the 
correction P E is subtraciive from P N. 

Hence the rule, (i) If the second altitude he less than the first, 
and (2) the days he increasing in length, the correction of the computed 
latitiide is suhtractive. 

If either of the conditions (i) or (2) be changed, the correction 
becomes additive ; but if both be changed it is still subtractive. 

The method adopted to investigate the efiect of the erroneous 
elements upon the computed value of H', the hour angle at the middle 
time, is briefly this : the effect upon the hour angle at each observation 
is represented both with respect to the error in the computed latitude 
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and the error in the polar distance of the son ; the expressions are then 
summed np with due regard to the signs, and half the result is the 
measure of the error on the computed hour angle at the middle time. 
For the sake of completing the subject, the investigation is appended ; 
but the learner had better omit the reading of it until he has mastered 
the article upon equal altitudes, where some of the principal formulad 
here used are explained. 

Let the colatitude be denoted by T, the mean of the polar distances 
by P, the hour angles by h and h\ and the change of the declination 
in the half-elapsed time by c; and let the correction of latitude 
determined by formula (4) be denoted by C. 

Now as A F is greater than A P by the small quantity c, and 
Z F greater than Z P by the email quantity C, the angle Z P' A will 
be less than. Z P A by the quantities. 

cot T cot p 

stn n tank 

ande =0 — ^- Q cotr 
* 'sink tanh! 



which are the measures respectively of the effects of the small dif- 
ferences c and G. 

And similarly the corrections on the other hour angle K are 

cot I' cot p 

^ sin h tan n 

, rt ooip .^ cot I' 

and 64 = C. . \/ — O.- ^, 

sm h tan h, 

63 being additive to Z P B, and e^ subtractive. Hence the total effect 
of these corrections on the half sum of Z P A and Z P B, or on the 
computed middle time (H'), will be expressed by 

i (- ^1 - 62 + 63 - ^4) = - i (^1 - ^3) - i fe + ^4) = «. 

And representing, as before, the middle time and half-elapsed time by 
H' and H, easy reductions give 

, ^ coil , cos H' — cot p . cos H 

- i {e, - 63) =. - c . s^n H . iir^jrr^h' 

^ , ^, cotl . cos H' — cot p , cos H 

- i{e. + ed = C . s^«H . .inhTHnh' ' 
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c sifb B[' 
and substituting for C its value ' . - p.-, formula (4), and adding, 

8iV H' — sin ^H cot T . cos H' — cot p . cos H 

X ■= C . ; — tt ' * 1 ' — L' 

sm H stn n . stn n 

But sin ^H' - sin *H = {sin B! + sinB) . (sin H' - sm H) 
= sin (H' + H) . sin (H! -B.) = sink, sin h' ; 

And, therefore, putting I for the latitude, 

X = c . tan I . cos H' . cosec B. ^ c . cot p . cofK . . . . (5), 

which is therefore the quantity to be added to the computed middle 
time to re- luce it to the true middle time when the days are lengthen- 
ing, but to be subtracted when the days are shortening. 

It is to be observed, however, that the sign of the second term 
becomes plm when the polar distance is greater than 90°. 

It is worthy of remark that when the computed middle time 
(H') = o or 24 hours, as in the case of equal altitudes east and west 
of the meridian, the value of oj is reduced to 

- e . tan I , cosec TL ^ c . cot p .cot H, 

which is the well-known formula for the equation of equal altitudes, 
and that problem is thus shown to be only a particular case of the more 
general one we have here been discussing, and hence the formula (5) 
would not be inappropriately named the equation of the middle time. 
The first term in the value of x can be put into a form more con- 
venient for calculation, 

= c . cosec H . sin 13! ; 
^ . • . c = C . cosec H' . sin H ; 

and this value of c being substituted in the first term of equation(5), 
oj = . tan latitude .cotW^c. cot polar distance . cot H. 



Thb Dibect Method* op Double Altitudes. 

In this method, as was stated in the practical part of this Treatise, 
two observations are requisite, and it is a matter of indifierence whether 
the same object be observed twice, allqwing some time to elapse between 
the observations, or the altitudes of difierent objects be employed, pro- 
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vided that the places occupied by the sun or stars, at the two epochs 
diflfer sufficiently, and not too much, in azimuth. Say from 60° to 1 20°. 

The data used in the calculation are then the zenith distances, polar 
distances ; and the polar angle, included between the polar distances, or 
circles of declination, which pass over the points of the sky which were 
occupied by the objects when their altitudes were taken. 

The zenith distances are deduced from the observed altitudes, and 
the polar distances are obtained with the aid of a Greenwich date, 
from the " Nautical Almanac." 

The method of finding the polar angle varies with the character of 
the observation, and must be discussed under the following heads : — 

1 . When the sun is the only object observed. 

2. When two altitudes of the same star are taken. 

3. When the altitudes of two stars are taken at the same instant 

by two observers. 

4. When the altitudes of two stars are taken by the same observer, 

who must, of course, allow some time, however short, to 
elapse between his obeervations. 

For the first of these cases, let A and B, in the first of the figures at 
page 270, represent the positions occupied by the sun at the times of 
observation ; then, as the westerly meridian distance of the sun is the 
measure of the apparent time, the angles Z P A and Z P B are the 
measures of the apparent times of observation at the meridian N P Z S ; 
and the polar angle A P B, which is the difierence of those times, 
must be found by converting the elapsed time shown by the chrono- 
meter, first, into mean time, by allowing a proportional part of the 
daily rate, and then into apparent time, by taking account of the 
change which takes place in the equation of time during the time 
elapsed between the observations. 

For the next case, viz., when the same star is observed twice. Time 
enough should be permitted to elapse to allow the bearing of the star 
to change about 90°. The star performs a complete revolution in a 
sidereal day, and, therefore, if A and B in the figure now represent 
the two positions of ihe star when observed, the angle A P B will be 
the same part of a sidereal day as the interval of mean time shown 
by the chronometer is of a mean solar day. And, consequently, all 
that remains to be done is to convert the interval of mean solar time 
into the equivalent interval of sidereal time, and the result is the 
measure of the angle A P B. Ivory's method may also be used with 
advantage, and will not require any correction. 

In the third place, if A and B represent difierent stars at the same 
instant of time, the angle included between their declination circles is 
equal to the difierence of their right ascensions. 

And for the fourth case, that of two siars, when the altitudes are 
taken by a single observer. Having taken one star, some time must 
necessarily elapse before the arrangements are completed for getting 
the altitude of the second star, and during this time, the first stur har 
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changed its place in the vidhle hemisphere of the sJcy, by reason of the 
general westward movement of the stars, and the point of the shy 
which was occupied by that star, is now to the eastward of it, and 
has consequently, a greater right ascension than the star by just so 
much sidereal time as corresponds to the star's westward movement. 
Hence the precept — add the sidereal interval to the right ascension of 
the star first observed^ gives the right ascension of the point of the 
shy whose altitude was taken, for the same instant of time at which 
the second star is observed. And then the difference between this 
corrected right ascension and the right ascension of the second star 
will be the polar angle. 

The angle A P B having been thus determined. In the triangle, 
A P B, with A P, P B, and angle A P B, find A B and the angle 
PBA. 

In the triangle Z B A, with Z B, Z A, and A B, find the angle 
Z B A, the diflerence between ZZBAandZPBAisZPBZ, 
when, as in the figure, the great circle A B does not pass between 
P and Z, and the other case may be avoided by a proper selection of 
stars. 

And in the triangle P B Z, with P B, B Z, and the angle P B Z, 
find P Z the colatitude of the place of observation. 



Op Equal Altitudes. 



1. If the times be noted when a fixed star has equal altitudes, east 
and west of the meridian, on a given night, then, as the elements with 
which the meridian distance of the star would be computed are the 
same in both cases, the star will be equidistant from the meridian at 
the times of observation, and, therefore, on the meridian at the middle 
time. 

2. If the actual time of the star's transit be computed, and compared 
with the mean of the times shown by a chronometer, when the star has 
equal altitudes, the error of the chronometer will be known. 

3. But if equal altitudes of the sun be taken, when he is east and 
when he is west of the meridian, on the same day, the meridian 
distances will not be equal, on account of the change of the sun's 
declination in the interval of time between the observations, which 
will retard or accelerate the time of his second arrival at any given 
altitude which he was observed to have before noon. 

4. If the times at which the sun has equal altitudes be noted, it 
follows, that the middle time will not coincide with that shown 
by the chronometer when the sun passed the meridian: and the 
correction to be apphed te the middle time, to obtain the time by 
the chronometer of the sun's transit, is called the equation of eqwd 
aUitvdes. 

Digitized by LjOOQ IC 



NAUTICAL ASTRONOMY. 279 

5. The middle time will be later or earlier than the time of transit, 
according as the western hour angle is greater or less than the eastern 
hour angle. 

6. We will now proceed to a closer examination of the problem. 
Let h and A' represent the eastern and western hour angles (reckoned 
in time) when the sun had eq[ual altitudes upon a certain day, then 
(24 hcmrs — h) and (24 hours -|- A') will also represent the apparent 

/ 1,/ Tt\ 

times of observation, and their mean f 24 hours -\ J will exceed 

h' "h 
the true time of noon by , or by half the difference of the hour 

angles, provided h' be greater than A, or the westward hour angle 

be the greatest. But the expression for the mean may also be written 

thus — 

A -A' 
24 hours — , 

if the eastward hour angle be the greater ; and in this case the 
middle time is before the time of noon by hidf the difference of the 

hour angles, or . 

Half the difference of the hour angles is called the equation of equal 



7. We will next proceed to investigate the expression for the ratio 
of the corresponding small differences in the polar distances and in 
the hour angles of the sun. Commencing with the formula, 

cos z = cos p COB l -\- sin p sin t cos h (l), 

z, p, T, h, being respectively the zenith distance of the sun, his polar 
distance, the colatitude of the place of observation, and the hour angle 
or meridian distance of the sun. 

Or if a and I be. taken to represent the altitude of the sun and the 
latitude of the place, 

sin a = cos p sin I -f- ^^^ P ^os I cos h (2). 

And from this it is required to find what change takes place in A for a 
given smdl change in p. And as, in general, h is less when p is 
greater, suppose p + o and A — e to be corresponding values of the 
polar distance and hour angle, differing from p and h by small 
quantities denoted by -|- c and — e, 

P'\- c and A — 6 being substituted for p and h in equation (2), 

»ina = cos {p + c) sinl -^ sin {p -^c) cos I cos (A - e) . . . (3). 

This, being now expanded, is reduced to a simple form by observing 
that cos c and cos e may each be considered = i, and that the product 
of the small fractions sin c and sin e may be neglected altogether. 
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This done, and the result sabtracted from the corresponding sides of 
equation (2), it will be found that 

8inp . cotl . sinhx 9ine = 8inp . Hnl x sin c^eosp , eoeh , cosl x fine. 

Whence, by division, 

Han I cot p\ 
8in e - sin c . [ -r—r — — --, ) > 
\8in h tan hj 

or, since e and c are small, 

e^c. C—- ^ — ?^ (A) 

* \sin h tan hJ ' ' ' ^^^' 

Or separating the two terms, 

} . • (5), 



A = c . tan latitude . cosec h 
B = c . tan declination . cot h 
and A +B =: e. 



8. If c represent half the change of the sun's polar distance between 
the morning and afternoon observations when the sun has equal 
altitudes, and h half the interval of time elapsed, then e is half the 
difference between the morning and afternoon hour angles caused by 
the change of the polar distance ; or e is half the difference between h 
and h'. In the investigation it has been assumed that the western 
hour angle is diminished when the polar distance is increased, and 
therefore « is to be added (using the word in its alcjiebraic sense) to the 
middle time when the polar distance is increasing, and to be sub- 
tracted from it when the polar distance is decreasing, to find the time 
shown by the chronometer at noon. 

9. When the polar distance exceeds 90°, the sign of the second 
term of equation (4) becomes positive, and hence the rule, add the 
parts A and B when the declination and latitude are of contrary 
denomination, and take the difference when they are of the same 
denomination, 

10. On formula (5) it may be remarked that cosec h always ex- 
ceeds cot h, and therefore whenever the latitude equals or exceeds 
the declination, A is greater than B. 

When the sun's declination = 0^ B = o ; and when the latitude 
= o, A = o. 

In high latitudes, A becomes considerable and the results less and 
less to be reUed upon ; indeed, the best method is to compute the hour 
angles sepaxately with the correct polar distances, and then deduce the 
error of the chronometer from each observation, and if the observations 
be made when the sun is nearly equidistant from the meridian, with- 
out the limitation of exact equality, the mean of the errors will be 
very nearly the error at noon. 

For there is no instrument which can be called a good equal alti- 
tude instrument. The change of temperature affects not only the 
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refractions, but the very form of the sextant, and therefore the equality 
of the apparent altitudes cannot be accepted as a proof of the equality ^ 
of the trae altitudes. 

No observation should be taken without determining the index 
error ; and curious fluctuations in its amount will be found at different 
temperatures. 

1 1 . The error in the hour angle resulting &om a small error in the 

latitude with which it is computed may be investigated in the same 

manner, or it may be deduced directly from expression (4) by writing 

polar distance for colatitude, and colatitude K)r polar distance, from 

whence results 

, (cot p tan l\ .^. 

e' = c . ( -,-\ - - — ^ ) . . . (6), 
\szn n. tan hj 

e' and c' representing the errors in the hour angle and latitude 
respectively. It will be seen that these expressions, (4) and (6), are 
used in the preceding investigation of the correction to be applied to 
the computed middle time in Ivory's " Method of Double Altitudes." 
It is evident that the error e' vanishes when 

cot p _ tan I 

sin h tan h ' 
or reducing this to its simplest form, 

cot p = cosh , tan I ; 

a condition which only holds when the azimuth or Z Z (see figure, 
page 264) is 90°. Therefore when the object is- upon the prime 
vertical, the error of the hour angle arising from any small error in 
the latitude may in general be considered as evanescent ; and in addi- 
tion to this, it has been shown that at this time any small error in the 
observed altitude vitiates less than at any other time the hour angle 
or time computed with it. 

12. Having observed the altitude of an object when it is east of the 
meridian, to find the time nearly when the corresponding equal alti- 
tude may be observed, the star being then west of the meridian. 

Let T = mean time of the transit of the object, and E = error of 
the chronometer on mean time (supposed fast), then T + E = the 
time by chronometer, of the star's transit. 

Let T' = chronometer time of the first observation, then 
T + E — T = the hour angle of the object nearly, and this added 
to the chronometer time of transit, will give the time by chronometer 
nearly, of the second observation, which is therefore 

2 T + 2 E - T. 

Observino; that the hoars are supposed to be counted continuously 
from T to T, and that if the result of the final formula exceed 12 
hours, 12 hours must be deducted, in order to find the time which the 
chronometer will show. 

If the chronometer be slow, the formula is 
2 T - 2 E - r. 
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Invedigation of the Second Method of computing the Equation of 

Equal Altitudes. 



By eqnaidon (4) of the preceding article, 

Itan I cot p\ 
sin p tan h ) 



Where I = latitude, p = polar distance of the sun, and h = the 
meridian distance. 

Let the colatitnde = j, 

yp, tan I cot p ^ eot q cot p 
sin h tan h sin h tan h 

_ cot q , sin p — cos p , cos h 
sin p . sin h 

_ cots 

sinp 

cot 8 c . 008 8 , . 

.\e=c,- — = -T— o — ; — . . (i). 
sm p sin o . sm p ^ ^ 

Where 8 = the angle between the zenith distance and the polar 
distance of the snn. 

Again, we have 

cos z = cosp » COS q-^- sin p .sin q .cosh. 

And considering z and h, or the altitude and time only to change, 
daring the short period employed in making the a.m. or p.m. observa- 
tions, 

cos z' = cos p . cos q-\-sin p , sin q , cos K 

,\ cos z — cos z' ^ sinp , sin q . (cos h — cos K) 

. z' + z . z' - z . . ' , h' + h . h' -h 

2 stn ' — . stn - — — = stn p . sm a . 2 . sin - — ■ — . stn 

2 2 '^ ^ 2 2 

or a , sin z =^ t . sin p . sinq , sin h, very nearly. 

Which is obtained by writing a and t for z' ^ z and h' — h; and z 
and h for ' and — ^^^, which may be done when the difference 
between z' and z, and between h' and h are small. 
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Hence a . sin z = t . stnp . sin q , fdnhy 

t sin z 



and 



a sin p . sin q . sin K 

' z 
smq 



■D . sin z sin Z Z P 8 , ^ 

i5ut .-: — = ^, — (see figure, page 254), 

stnq sin Z ZSP ^ ^ ^ ^ ^^ 



sin 'h 

" sin 8 

• • ~ — '~' : — Cf (2)» 

a sinp . sin 8 ^ ^ 

Let - be represented by il : it is the ratio of the change of time 
to the change of altitude ; then 

A . sinp = A . cos declination = oosec 8 , . . . (3). 

And by equation (i), 

e = A . c . cos 8. 

Or multiplying A by c, and denoting the product by By 

e = B . cos 8 (4). 

And on the equations (3) and (4) the rules given at page 197 are 
founded. 



To OOMPUTB THE AlTITDDB OF A GIVEN CkLESTIAL BoDY FOR A 

GIVEN TIME. 

By the equation frequently referred to before, 

, cos z -- cos p . cos I' 

cos h = ; -. — Ti 

sm p . sin I 

.\ cos z = cos p » cosl! -\- sin p . sin l ^ cosh 
But cos h = {2 co^ i A — i), and this being substituted for cos A, 
cos z = cos p . cosT '^ sin p . sin I -]- 2 sinp, sin J coiF ^ h, 
= cos (p-\- l) -\-\2 sin p . sin I . cof? ^ h; 
.•. I — C08 2? = I — cos (p + Z') *- 2 sinp , sin! . cos^ \h ; 
. • . 2 sin^ i 2; = 2 sin^ i ( J? + ?) - 2 sin p . sin T . cos* ^ h . (t). 
Let i (p+f ) = A, and let angle B be computed from this equation, 
wV B = sin p . sinl . cos"' J A ...... (2). 
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Substituting sin? B for the last term in equation (i), and dividing 
by 2, 

dn^ i z = sirif A — sin? B* 

= sin {A + B) . sin (A - B). 

i.\li A = i (polar distance + eolatitude), ] 

and sin B = ^ (sin polar distance x sin colat x cos"' J hour Z), [ 
sin J zenith distance = V {«i^ (-4 -f- J5) . sm (J. — 5) }. J ' 

Another method, — 

cos z = cos p . cos I + *^^ JP • ^^^ ^ • ^^^ ^* 
But cos A = I — 2 sm^ - ; 

2 

. • . cos « = cos p , cos I -j- sin p . «m 7 — 2 sin p . sm 7 . stJi^ - 
= cos (j> — T) — 2 sinp , sin I . sin^— ; 

adding I to both sides, and reducing as before; writing A for 
J ( j> - Z'), and putting 

sin^ B = &in p . sin I' . seV -. 
-^ 2 



The result is- 



cos^ - = cos^ A - sin^ jB, t 
2 ' 



= cos (A + B) . cos (A - B). 

Therefore, H A = ^ (polar dist — colat.) 

and sm B ^ si sin pohr dist. sin colat. sin^ ^ hour Z, 
cos i «cni^A did. = V <?os (Jl + £) . cos (A — -B). 

The zenith distance having been computed by either of these 
methods, the true altitude is found by subtracting the zenith distance 
frcm 90"". 

♦ See Note 2. t See Note 2. 
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On the Principles of the Methods op finding the 
Longitude at Sea by Celestial Obseevation. 

As the longitude of any place is measured by the arc of the equator, 
or the angle at the pole, included between the meridian of that place 
and the first meridian ; and the difference between the time at any 
place and that at the first meridian is measured by a like arc of the 
celestial equator, or a Uke angle at the celestial pole, the longitude of 
any place would be known, if the mean, the sidereal, or the apparent 
time at the place, and at the first meridian, could be found at the same 
instant. Now, during the apparent diurnal revolution of the heavens, 
the distances of celestial objects from the horizon are continually 
varying, increasing from the time at which they rise till theypass the 
meridian, and then decreasing in hke manner tiU they set. Hence, at 
a given place, any proposed altitude of a known celestial object, east- 
ward or westward of the meridian, corresponds to a determinate instant 
of time ; and the time at any given place may therefore be inferred 
from the observed ialtitude of a known celestial object. But an alti- 
tude for determining the time should not be observed when the object 
is near the meridian, as the altitude then varies so slowly, that a small 
mistake in measuring it will produce a considerable error in the com- 
puted time, and the nearer the bearing of an object is to the east or 
west, the less effect will any mistake in measuring its altitude produce 
in the time computed from it. 

Now, if a chronometer, keeping mean time, were set to the time at 
the first meridian, it would continue to show the time at that meridian 
to whatever place it might afterwards be carried ; and therefore the 
difference between the time shown by such an instrument, and the 
mean time at any other meridian, determined by observation, or 
otherwise, would he the longitude of thai meridian in time, twenty- 
four hours of time corresponding to the circumference of the equator, 
or to 360° of longitude. 

The simplicity of this method of finding the longitude at sea, and 
the perfection to which the construction of chronometers have been 
brought, have combined to introduce it into very general practice, and 
its usefulness has been amply proved. But so delicate a machine as a 
chronometer must be peculiarly liable to be put out of order, even by 
causes which are difficult to detect and impossible to avoid; it is 
therefore desirable that, if possible, we should have some independent 
method of ascertaining the time at the first meridian. 

Now the moon revolves round the earth, or appears to revolve 
among the stars, from west to east, with an angular velocity so con- 
siderable, that the instant of time when she is at a given distance from 
a celestial object lying in the direction of her motion, may be de- 
termined with considerable precision ; and from the principles of Phy- 
sical Astronomy, aided by observations, her place in the heavens can 
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now be predicted with sufficient exactness for the practical purposes 
of navigation ; and, in fact, in the " Nautical Almanac," the distances 
of her centre from that of the sun, four of the planets, and some of 
the principal fixed stars that lie in the direction in which she moves, 
are given, and published for several years in advance, for every three 
hours of mean Greenwich time, except near the change, when she 
cannot be seen. 

Hence, if an observer can determine by observation the moon's dis- 
tance from the sun, or any of these stars, he may easily find the mean 
time at Greenwich, by comparing the observed oistances with the dis- 
tances given in the " Nautical Almanac." 

JBut the distances there given are those which would be seen at the 
centre of the earth ; and therefore before any comparison can be insti- 
tuted between them, and distances observed upon the surfeice, for the 
purpose of determining the Greenwich time, the distances observed on 
the surface must be reduced to what they would have been if seen at 
the centre. Now the places of celestial objects, as seen at the surface, 
difier from their places as seen from the centre by the efifects of 
parallax and refraction, which vary with the altitude of the objects ; 
the moon's place, as seen fit)m the centre being above and that of any 
other celestial object lelow its place as seen from the surface. 

Hence, before the true distance can be computed, the oMitudes of 
the objects, as well as their apparent distance, must be known. 

In practice the altitudes and distances of the objects are generally 
measured at the same instant, by three different observers, while a 
fourth notes, by a watch, the times at which the observations are taken. 
Several sets of observations should, if possible, be taken, and a mean 
of the whole used as a single observation. 

Such an observation is called a lunar dbservaiion ; and this method 
of finding the longitude, by the distance of the moon from the sun 
or a star, is called the method of finding the longitvde by lunar observa- 
tions. 

In altitudes used only for computing the true distance, no great 
precision is necessary ; but an altitude for computing the time ought 
to be taken fis exactly as possible. The greatest care, however, is re- 
quired in measuring the distance, as an error of i' in it vrill generally 
1 produce an error of about 2 m. of time, or about half a degree in the 
ongitude deduced from it. The distance of the nearest limbs of the 
sun and moon is always measured, and their semidiameters added to 
obtain the apparent distance of their centres. The distance of a star 
is measured from the round or enhghtened edge or limb of the moon, 
whether that limb be the nearest to or furthest from the star ; and the 
moon's semidiameter is added to the observed distance when it is mea- 
sured from the nearest limb, but subtracted when from the furthest 
limb, to obtain the apparent distance of the star from the moon's 
centre. 

A dexterous observer may himself obtain both the altitudes and 
distance by taking the altitudes of the objects both before and after he 
measures the distance, noting the time of each observation, and then- 
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computing by proportion, from the change of the altitudes, what they 
must have been at the time at which the distance was observed. 

Various other methods have been proposed for finding the longitude 
by observations at sea. The methods of which we have here sketched 
the principles are, however, those to which the attention of the prac- 
tical mariner ought chiefly to be directed. 

We may restate that, to find the longitude, we must be able to do 
two things, which are perfectly distinct in themselves ; viz., to find the 
time at the place at which we are, and to find the time at the same 
instant at a place whose situation we know. The former of these is 
found at sea from the observed altitudes of celestial objects, and the 
latter by the aid of a chronometer, or by the distance of the moon from 
the sun or a fixed star, from which her distance is computed in the 
" Nautical Almanac." 

When the apparent motion of a planet is contrary to that of the 
moon, the longitude can be more correctly deduced by a limar distance 
from it than by one from a fixed star ; and, besides, Venus, Jupiter, 
Mars, and Saturn (the planets whose distances from the moon are 
given) can often be seen when there is dayhght enough to take their 
altitudes with every requisite degree of exactness, either for clearing 
the distance or computing the time. 

Altitudes can seldom be obtained at night at sea with sufficient 
exactness for computing the time ; it will therefore be generally found 
preferable to find the error of the watch from altitudes of the sun 
during the day, and then to find the time at the ship at which a lunar 
distance is taken, by allowing for the error of the watch and the difier- 
ence of longitude between the places where the altitude for the time 
and the lunar distance are measured. It will often indeed be found 
difficult to take altitudes at night with sufficient precision for the 
purpose of clearing the distance ; but as the time may be inferred 
from the altitudes of celestial objects, so, conversely, their altitudes 
may be inferred from the time ; and it will often be found that, at sea, 
the altitudes of stars can be determined by computation with greater 
correctness than they can be observed. 



LUNAB DiSTANCEa 



1 . The true altitude of the sun is found by subtracting the refrac- 
tion and then adding the parallax to the apparent altitude of its centre. 
The parallax of the sun is very small, and is always exceeded in amount 
by the refraction ; the true altitude of the sun's centre is therefore less 
than the apparent altitude by as much as the refraction is greater than 
the parallax. 

2. A fixed star has no appreciable parallax, and therefore its true 
altitude is less than the apparent altitude by the refraction. The 
moon's parallax in altitude always exceeds the refraction, and there- 
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fore her true altitude is greater than her apparent altitude by the dif- 
ference between the parallax in altitude and the refraction at the time 
of observation. 

3. The moon's bright limb is always turned towards the sun, and 
therefore when the distance between the sun and moon' is taken, it is 
always the distance between the nearest limbs which is observed, and 
the apparent distance of the centres is found by addiug the semi- 
diameters of the sun and moon ; having first applied the index error 
of the sextant. 

4. When the distance between the moon's bright limb and a star 
east or west of her is taken, it must be noticed whether the distance 
is measured from the nearest or furthest limb of the moon. The 
semidiameter of the moon must be added to the distance, if the dis- 
tance of the star &om the nearest limb is measured, and it must be 
svhtracted when the distance of the star is measured from the furthest 
limb. In all cases the index error of the sextant should be first 
allowed for. 




Let Z be the zenith, M and S the places of the moon and sun cor- 
rected for refraction and parallax, and m and s their apparent places ; 
M S the true distance, m s the apparent distance of their centres, and 
let these be d< acted by D and d respectively. 

Now in the triangle mZ s, the three sides m Z, s Z, and m 8 being 
known, 

^ rz COS m 8 — COS m Z .COS 8 Z I 

COS A Z = -, ^ — . ^ . ' 

8tn m Z . sin 8 Z 

If the letters m and s be now used to denote the altitudes of the 
points m and a, then m and 8 are the complements of m Z and s Z, 
and therefore 

^ r^ cos d — sin m , sin s 
cos A Z = ; 

cos m . cos 8 

and adding i to both sides and reducing, 

cos'^ }i Z = cos i (m -f « -f- d) . cos i (m -J- s - eZ) . ^ec m . sec s ; 
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and if X be written for ^ (w -f « + d) and (X — d) for 
J (m + « - d), 

cosP i Z z= COS X .COS (X *- d) . see m . sec 8 . . . . (i) 

Z Z may therefore be considered as determined. 

Next, in the triangle M Z S, knowing M Z, Z S, and Z Z, tho 
distance M S may be found from these formulae, 



Let sin = a/ sin MZ . sin SZ . cos? J Z .... 
VLmsin- = ./ sin{}^{MZ+SZ)+e}.sin{\{MZ+SZ)^e} f * 

Or writing M and S for the true altitudes which are the complements 
of the zenith distances M Z and S Z, 



sinO ^ fj cos M . cos S . cos X. cos {X — d) .seem. sec s . (2), 

where it will be seen that the Talue found for co^ i Z in formula (i) 
is also substituted. By means of this formula (2) the auxiliary angle 
6 can be computed, after which the distance M d = D is found thus, 

^n^ = V Bin { i (MZ+SZ) + 6}. sin {h(MZ^ SZ)^0} (b> 

Now i {MZ+ 8Z) = 90° - i (M + fif), 
forMZ=90° - M 
andi8Z = 90° - S; 
.-. MZ+SZ^iSd" ^ (M+S); 
.'.i{MZ+8Z)= ^-^i(M+8); 

and this being substituted in the value of sin — , gives 
D 



sin ^^^ cos { i (If + /S) + 6\ .cos{\ (if + 8) - B] (3). 

Equations (2) and (3) complete the solution of the problem ; they 
may be thus expressed : — 

(i.) Let sin^ 6 = sec {app. ali. })) . sec (app. alt 0) 

cos {true alt. })) x cos {true aU. 0) 
X cos (i sum of app. alts, and app. distance, or X) 
X cos (X — app. did.) 

(2.) Then sin"^ i {true dist.) = cos (i sum of true alts. + ff) . 
X cos (i mm of true alts. — 0). 

* These are convenient fonnulae, when two sides and the contained angle of a 
spherical triangle are given, and it is required to fiud the remaiuing side. 
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The meihodfl of clearing the lunar distance £rom the effects of 
parallax and refraction are very nmnerons ; that which is given above 
is simple and direct, and gives the corrected distance without any 
embarrassment of algebraic signs, and moreover has the advantage of 
requiring no special tables in its application. 



To FIND THE Longitude by the Eclipses of Jupiteb's 
Satellites. 

By the immersions and emersions of these satellites are meant the 
instants of their vanishing in or reappearing from the shadow of the 
planet. 

To the mean Greenwich time given in the Almanac for the ex- 
pected immersion or emersion, apply the longitude by account in time, 
adding it if east, and subtracting it if west, and the result is the mean 
time at the place of observation when the phenomenon may be looked 
for. 

. Begin to observe a few minutes before that time, and note the 
instant of mean time at which the immersion or emersion actually 
takes place, and the difference between that mean time, and the 
Greenwich time given in the " Nautical Almanac," is the longitude of 
the place in time. 

Thus, if I observe the immersion of Jupiter's first satellite at 1 1 h. 
2 m. 12 s. mean time, and I find by the " Nautical Almanac " that it 
takes place at 9 h. 40 m. 15 s. Greenwich mean time, my longitude in 
time must be i h. 2rm. 57 s. east. 
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Investigation op the Method op Computing the Moon's 
Eight Ascension from an Oocultation op a Fixed Star. 

I. In the annexed figure let P A be the honr-circle passing through 
the first point of Aries ; Z, the reduced place of the zenith ; S, the 




place of the star at the time of the occultation ; 3)', the corrected 
place of the moon's centre, and S' that of the point of the moon's limb 
at which the occultation took place. Then S S' is the moon's 
parallax-in-altitude ; PS the stars polar distance; P 3)' the moon's 
polar distance ; A P S the star's right ascension, and A P D ' that of 
the moon. 

2. Z P S is the easterly meridian distance of the star, for S is east 
of the meridian P A, by its right ascension APS, and, therefore, east 
of the meridian P Z, by the angle Z P S. 

3. The star S is represented on the eastern limb of the moon, and 
as the moon moves eastward amongst the stars, she will pass over the 
star ; and the figure relates to an immersion, or disappearance behind 
the moon. 

4. Having taken out from the " Nautical Almanac " the right 
ascension of the msan or true sun for the estimated Greenwich date, 
the meridian distance of the star Z P S is computed from the formula, 

men dist. = mean time at place + -^.-4. of mean sun — *'s BA. 
or, Tner. dist = app, time at place + B.A, of sun — **s B.A. 

5. The meridian distance having been found, the angle Z S P, at 
the star, must be computed by Napier's analogies, with the reduced 
colatitude Z P, the star's polar distance P S, and the meridian dis- 
tance Z P S. This angle shall be denoted by the letter S. 

6. Let S' D be drawn perpendicular to P S^ and S' C perpendicular 
toP D'. 

S S' the parallax-in-altitude of the moon = hor. par. x sin Z S ; 
or, S S' = H . sin Z S, 

if H be taken to represent the moon's horizontal parallax. 

U 2^ T 
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7. For the computation of S' D we have, then, 

S' D = S' S . sin S, 

= H . sin Z S • sin S, 

= H.8inZP.sinZPS, 

= })'s (hor. par.) x sin colat. x sin *'s hour angle (i). 

8. For the computation of S D^ 

S D = S' D . cot S, 
and thence PD = PS-SD, 

or P D = *'s polar distance — S D. • (2). 

In the figure Z S is acute. When Z S is obtuse, S D changes its 
sign, and then 

P D = *'s polar distance + S D . (2*). 

9. In the right-angled spherical triangle S' P D, 

cos P S' = cos P D . cos D S'. 

P D is greater or less than P S', according as P S' is greater or less 
than 90°. Suppose P S' less than 90°, and let x represent the small 
difference between P S' and P D, so that P S' = (P D + x), 

then cos (PD + x) = cos PD.cosDS'. 

Expanding this, and putting i for the cosine of the small difference a?, 
cosPD-sinPD.sinaj = cosPD.cosDS'; 

TV a/ 

whence sin aj = cot P D . 2 sin* , 

2 ' 

and aj = i.cotPD.(DS')'.sin i" .... (3). 

This quantity x must be added to P D when P D is less than 90°, 
but subtracted from it when it is greater than 90°. 

PD±a; = S'P (4). 

10. Now take out from the "Nautical Almanac" the moon's de- 
clination, and find her polar distance P }) ', and take the difference 
between this and P S'. This difference is }) ' C. 

Take also the moon s semidiameter, and then compute the small 
arc S' C by this formula, 



S'C = V (^'ssemidr. + })'C)(})'ssemidr. - })'C) . . (5). 

1 1. Next, the angles S' P D and S' P C are to be computed, 
Z S'PD = S'D.cosecS'P, 

Z S'PC=S'C.cosecS'P. 
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The quantities necessary for the computation heing found as directed 
in(7), (9),and(io). 

12. The angle S' P D, reckoned in time, is to he subtracted firom 
the right ascension of the star APS, when the star is east of the 
meridian, as shown in the figure : hut it must he added to A P S if 
the star he west of the meridian ; and the result is A P S'. 

13. The angle S' P C must next be subtracted, if an immersion be 
observed, as shown in the figure ; but it must be added if the pheno- 
menon observed be an emefsion of the star. 

The result of this second correction is the angle A P })', or the 
right ascension of the moon. 

14. The Grreenwich time is then found by comparing the computed 
right ascension of the moon with those which are tabulated in the 
" Nautical Almanac." 

1 5. When the Greenwich time thus found differs considerably from 
that by account, take the moon's polar distance for a minute or two 
earlier or later, and repeating the computations into which it enters, 
find the corresponding Greenwich time again ; and then, by proper- . 
tion, the true Grreenwich time, or that to which the declination em- 
ployed and the resulting right ascension both correspond^ will readily 
be determined. 



Summary. 

(a.) With the estimated Grreenwich date, take out the star's right 
ascension and declination, and the moon's declination, horizontal paial- 
lax, and semidiameter. 

(6.) Find also the star s meridian distance, and with the reduced 
colatitude, the star's polar distance and meridian distance, compute 
the angle S by Napier s analbgies. 

(c.) The order of computation is then as follows : — 

rule (b) above. 
3)'s hor. parallax . sin colat. . sin *'s hour Z . 
A . cot S. 

*'s polar dist. - B, 
additive when S is obtuse, 
i A', cot C . sin i". 

C + B, 1 

subtractive when C is greater than 90°. J 
moon's polar dist. — E. 
V ( })'s semidr. + F) . ( 3)'s semidr. - F). 
B . cosec E. 
G . cosec E. 
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X, reckoned in time, is to be added to the star's right ascension 
"when the star is west of the meridian, and to be sMracted when the 
star is east of the meridian. 

T, reckoned in time, is additive at an emersion, and svhtradive at 
an immersion. 

These corrections haying been applied to the star's right ascension, 
the result is the moon's right ascension, with which the Greenwich 
date is to be obtaLued. 



A Pboblem. 



To find the position of an unknown star or comet lay its distances 
from two Jenown stars. 

Having taken a series of altitudes of the unknown st0.r or, comet, 
and also of the distances between it and the stars with which it is to 
be compared, reduce these measurements to the same instant of time 
by interpolation. The altitudes of the stars -may either be found in 
the same manner from observations, or they may be computed. The 
distance between the comparison stars must next be computed from 
their right ascension and declinations. Let p and p' be their polar 
distances, and a the difference of their right ascensions. 

Let also sin* = sin p . sin p' . cos^ -, 

Clear the distances between the comet and each of the stars from 
the effects of refraction, by means of the apparent and true altitudes, 
in the same manner as for lunar distances^ 

With the polar distances of the stars p and p\ and their distance d^ 
which form a triangle having the pole at its vertex, compute the angle 
at one of the stars by the formula — 

, A sin 8 . sin (8 - p) 
cos — = - . - , - . — , ■'^^ 
2 sin a , sm p 

where iS = i (_p +/ -f. e?). 

Again in the triangle whose angular points are the comet and the 
two stars, let 8 and S' represent the distances of the comet from the 
stars, and in this triangle compute the angle at the same star as 
before. 

cos"-- = ^^^ ^ ' ^^^^ 8-8) 
2 sin S . sin S' 

where 8 = i (B + B' + d). 
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Next when the comet and the pole are on the same side of the 
great circle joining the two stars, take the diflference hetween A. and 
A', otherwise take their sum. Let this diflference or sum = Q. 

Then with S', p', and Q, find the comet's polar distance, thus : — 

Let sin^ <f> = dn S . sin p' . cos"' , 
then sin^ i polar dist = sin ( - - + <^ ) • *^^ ( T )* 

Let this polar distance = X, then the angle contained hetween the 
polar distances X, and p' is the diflference between the right ascension 
of the comefc and the star whose polar distance is £', and the diflference 
may be computed from the three sides p\ S, and X, by the formula — 

cos^ i (dtff. of B. A s.) = _^^--V._-^^. 

It should be noted whether the comet is eastward or westward of 
the star from which this diflference of right ascension is estimated. 
If the comet is eastward, add the diflference to the right ascension of 
the star, but if the comet is westward, subtract the difference, adding 
24 hours to the star's right ascension if necessary, and the sum or 
remainder is the comet's E. A. 



Great Circle Sailing. 



The shortest distance between two places is that which is measured 
on the great circle which passes through them ; it is represented on 
the globe by a thread tightly stretched between them. It may also be 
exhibited on a globe, by turning the globe about until the places are 
both seen to lie evenly with the wooden horizon, which is itself a 
great circle. Indeed this, with an eight-inch globe, is as good a method 
&s can be devised for observing how the great circle track lies 
between the given places, and it offers very Utile more diflSculty than 
the drawing of the straight rhumb-line track on a Mercator's chart. 



First Method. 

I. Call the place which is nearest to the equator A, and the 
other B. Let P be the pole . nearest to B ; then the Z A P B is the 
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difference of longitude between A and B, and A P and B P Ewe the 
colatitudes of A and B found by subtracting the latitudes from 90° 




A. 



when the places are in the same hemisphere, but adding 90° to A's 
latitude when they are on different sides of the equator. 

Then P A will always be greater than P B. Now, in the triangle 
A P B, if the distance A B be denoted by d, 

COS d = cos a . cosb -{- sin a . sin h .cos A A P B ; 

p 

but cos P = I — 2 sin^ - . 

2 

P 

Hence cos d = cos a .cosh -^ sin a.sinb ^ 2 sin a .sinb. sin^ - , 

p 

= cos (b ^ a) ^ 2 sin a . sin b . sin^ - . 

2 

And adding i to each side, 

p 

I -{- cos d = I + cos (6 — a) — 2 sm a . «m 6 . szV -. 

But I + cos 5 = 2 cos^ -, and i + cos (6 - a) = 2 co^ ; 

2 2 

/. substituting and dividing by 2, 

8 12 „ 6 — a . . - 

cos - s= cos^ — stn a . sin . stn 



.2d ^2 6 - a ^,^ ^ _.^^ ^ P 



P 

"Letsina.sinb .sin^ — = cos^Q^ (i), 

.-. cos^- = cosi^ i~^) - cos^x . . * 

= «•„ ja, + ^^}.«i^[a,-^L^}.,(2). 
Equations (i) and (2) may be expressed thus : — 
cos »« = eo8 (hiUude A) . eos (latUude B) . sin^ difference of longitude ^ 



\ 



^ -^sin (a? f i diff. oflatitvde) . sin (a? - i diff. of latitude). 
These formulsB are employed in finding the distance. 

* See Note 2, 
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2. The distance being found, it is necessary in the next place to 
find the latitude of the highest point or V, which is evidently the 
point where the perpendicular P Y meets the circle A B. 

sin A , sin AB = sin P . sin PB ; 

or, sin A . sin d = sinP . sin a ; 

. sin P . sin a 

sm A = . — n ; 

sm a 

multiplying by sin I, 

. , . . sin a , sin h . sin P 

stn . sin A =: -. — j ; 

sin a 

but sin b . sin A =: sinp ; 

sin a . sin h . sin P 

/. sm p = -. — J / 

•^ sin a 

ff .', n ■^._cosQ(ditudeK).cosQcdiiude^),sin{d.of longitude) 

' ^ ^ sm distance ' 

and this is the formula for finding the lat. of the vertex. 

3. Again Z A P V is the difierence of longitude between A and 
V, and by the spherical triangle A P V. 

Cos Z A P V=tanp . cot I; 

or, cos diff, long, between A and V = cot lat, of vertex x tan lat. V. 

4. Tate any point a on A B, then Z V P a? is the diflf. long, 
between V and x. 

and cos Z VPx = tanp . cot Px 

and .*. cot Px = cos Z VPx . cotp; 

or tan lat. x = cos (diff. long, from V) x tan lat. F. 

And this is the formula for computing the latitude of any point 
between A and B. 

5. And having found the positions of a number of such points, the 
course from each to the next must be computed, and the ship steered 
from point to point. 
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Second Method. 

In the right-angled spherical triangles A P V and B P V, by 
Napier*8 rules, 

cos ^ APV = tanPV.cotP A 

and COS £ BPV = ian P V.cot P B 

cos /L BPV cotP B 



whence 



cos Z.'AP'V cot PA 

cos Z. BPV + cos Z. A PV _ cotP B + cotPA 
cos A BPV - cos £ APV cotPB - cotPA 



and reducing this to its simplest form, 

Now P A and P B are the colatitudes of the points A and B, and 
these with the latitudes of the same point will make i8o°, 

/. sin {P A-^- P B) = sin (sum of the latitudes) 

and P A " P B ia equal to the difference of latitude. 

Moreover Z APV + Z BPV = Z APB or the difference 
of longitudes between the meridians P A and P B, and i 
(Z APV - Z BPV) is the quantity denoted by X in the rules. 

Therefore denoting half the diflference of longitude by L, the sum 
of the latitudes by S, and the difference of latitude by D, the equation 
above becomes 

sin 8 
cot L . cot X = - —T^ : 
sm D 

whence tan X = cot L , cosec S . sin D. 

Now if P a? in the figure be the middle meridian between P A and 
P B, the angle A P a; or B P oj is L, and the angle aj P V is X. 

Also the angle a; P V is the difference of longitude between the 
vertex V and . the point of middle longitude x : and the angle acPV 
lies on the same side of P a? as P B does, that is, eastward when PB 
is eastward of P a? and P A as in the figure ; and westward when P B 
is westward of P aj and P A. 

And hence this rule, X is to the difference of longitude letween the 
vertex and the middle meridian, and is to he considered east when B 
is east of A, and west when B is west of A : and applied with its proper 
sign to the middle longitude it will give the longitude of the vertex. 
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If P G be the meridian of Greenwich, G P V is the longitude of the 
vertex, and G P a? the longitude of the middle meridian, and 

GPV = GPfl?-fl5PV; 

Or, in this case, the lonritude of the vertex is the difference between 
the middle longitude and the quantity X. 

The longitudes of V and A being now both known, their difference 
A P V is known. And in the right-angled triangle A P V, 

Cos Z. APV=:tanPV .cotPA 

or, cos {difference ofUmgitude A A V) = cot (latitude of V) . tan (latitude of A) 

r,cot {laiiiude of vertex) = cos (difference of longitude Ad: V) . cot (latitude of A) 

which is the rule given at page 59. 



The latitude and longitude of the vertex having been thus deter- 
mined, the latitudes and longitudes of as many intermediate places as 
may be convenient can next be found as before directed. 

Indeed, in actual practice, after the latitude and longitude of the 
vertex are found, it will be only necessary to assume one longitude a 
few degrees ahead of the ship, and compute the latitude of that point 
of the great circle to which this longitude belongs ; and having thus 
ascertained the place of one point of the great circle, the ship is to be 
steered for it as well as circumstances will permit. If she attain it, 
another point may then be sought, towards which the ship may next 
be steered ; if not, it will be necessary to commence on another great 
circle track. 



Digitized by LjOOQ IC 



300 NOTES. 



NOTE r. 

Mercatob's Ohabt. 

Mercatob's chart is so called from its inventor, Gerard Mercator, who, in 1569, first 
attempted to remedy the defects of the plane charts then in use, by representing 
meridians and parallels of latitude by parallel straight lines as in a plane chart, but 
^^ually increasing the length of the degrees of latitude in adyancing from the 
equator to the poles, so that the rhumb-lines might be extended into straight lines, 
and that a straight line, drawn from one place to another on the chart, should make an 
angle with the meridians, expressing the course between them. 

Mercator seems to have employed some empirical method in the division of the 
meridians, the correct principle having been explained in the subsequent work of 
Mr. Edward Wright, published in 1599, entitled " The Correction of certain Errors in 
Navigation." The second edition of this work, in r6io, was dedicated by Mr. Wright 
to his royal pupil, Henry Prince of Wales. That the meridional parts were related 
to the logarithmic tangents of 45° + i the latitude, was shown by Mr. Bond in 1645, 
and the problem afterwards occupied the attention of Mr. James Gregory in 1668. 
Dr. Halley in 1695 — ^whose paper is printed in No. 219 of the " Philosophical Trans- 
actions of the Royal Society" — and of Mr. Roger Cotes, in his " Logometria," first 
published in the "Philosophical Transactions "for 1714, No. 388. 

It has been shown that the leading principle of Mercator's projection of the 
siuf ace of the globe upon a plane is, that, at every point of the surface, the increased 
breadth consequent upon drawing the meridians parallel to each other, instead of per- 
mitting them to converge as they do upon the globe, is compensated by increasing 
the portions of the meridian in the same ratio as the meridian distances are in- 
creased. 

So that Udq represent a very small portion of the equator, and d p the correspond- 
ing portion of any parallel, in latitude w, — ^then upon the globe, 

dp = dq.coam (i), 

and upon Mercator's projection of the globe, 

dp' = dq - . (2), 

d p' being the representation on Mercator's chart of dp upon the globe; and if dm 
represent an infinitesimal part of the meridian on the globe equal iodq and adjacent 
to dpf 

dp' ^ dm. 

But the portion of the meridian upon the chart which represents d m must be 
larger than d m, in the same ratio that d p' exceeds dp; 01 if dm' represent d m upon 
the chart, 

d m d p 

= ::;^ .... by equations (i) and (2). 



' sin (90° - w) 



"" 2 . sin i (90° - m) . cos J (90° — m) 

_ I I I 

** 2 * sin2 J (90° - w) cot J (90° - m) 

i . cosec2 i (90° — m) 
"~ cot i (90° — w). 

Therefore the integral is 

m* = log, cot ^ (90° - m) 
= loga cot I colatitude. 
That is, the sum of all the elements d m' or the length of the meridian on the chart 
from lat. o® to lat. m = Naperian log. cot J colatitude. 
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To adapt this to the common logarithms, it must be multiplied by 3*303585, the 
Naperian log. of 10 ; and to express its value in nautical miles, it must be multiplied 
by the number of such miles in the radius of the terrestrial sphere; the logarithm of 
the product of tiiese factors is 3 * 8984B95 . 

'^^enoe the oonmion rule for computing the meridional parts, 

log. i»' = 3 '8984895 + log. (log. cot J colat. — 10). 

Now M. Belambre has shown in the Connoiseance dee Temps for 1805, page 343,* 
that taking account of the spheroidal figure of the earth, and neglecting the cube 
and higher powers of the small eccentricity of the meridians, the formula for the 
meridional parts may be expressed by 

log. tan (45° + h ^O* 

where \' is the geocentric latitude ; or this formula may be written thus — 

m = log. cot J (geocentric colat), 

and is therefore of exactly the same form as that which is deduced for the epSiere. 

Hence a common table of meridional parts may be employed to obtain the meri- 
dional parts for a given spheroid of small ellipticity, by subtracting the anale of the 
vertical from the true latitude, using the remainder as the argument of the table : this 
rule is given by Mendoza Rios in lus nautical tables. 

M. Delambre attributes the original discussion of the problem with reference to the 
spheroid to Maclaurin, in whose " Treatise of Fluxions " it will be found, at page 719 
of the second volume (edition of 1 742). 

Maclaurin mentions a tract on the same subject, which was published in 1741 by the 
Bev. Dr. Murdoch. 

Maclaurin gives a rule identical with that employed by Mendoza Rios, for deter- 
mining the meridional parts for the spheroid from those which are computed for the 
sphere. 

The celebrated Gauss has, however, exhausted the subject of such projections, in 
his answer to the general problem to represent ike parts 0/ a given sarface on another 
given surface^ so that the smallest parts of the representation shall he similar to the cor- 
responding parts of the surface represerUed — a prize question proposed by the Royal 
Society of Copenhagen. A translation of the paper is given in the August and 
September Numbers of the " Philosophical Magazine** for 1828. 

One of the purposes to which Mercator's chart is applied in the modem practice of 
Navigation is the projection of great circles upon it, indicating the shortest route from 
one place to another. 

Several years ago the Rev. Mr. Fisher drew my attention to the fact that, although 
the projected curves are not really circles, yet for the purposes of Navigation, large 
portions of them might be very fairly represented by arcs of circles, differing in the 
lengths of their radu with the maximum latitude attained by the circumferences of 
the circles. Availing himself of this, Mr. Fisher arranged the convenient rules which 
he has kindly given to me for this work ; and after a careful examination I feel in a 
position to say that nothing else so simple nor so generally applicable has yet been 
proposed for the same purpose; including, as these rules do, those cases in which the 
direct employment of the great circle would be inconvenient and dangerous. 

In the "Monthly Notices" of the Royal Astronomical Society for March, 1858, the 
Astronomer Royal has given a method and its demonstration, for approximating very 
closely to the curve of a projected great circle founded upon the observation above 
mentioned, namely, that the arcs of the projected curve may be represented by arcs 
of circles. The method without the demonstration has since been copied into the 
meteorological papers of the Board of Trade, nor is the investigation sufficiently 
elementary for these pages. 

For the exact practice of great circle sailing the second method at page 58 is espe- 
cially commended to the attention of students of Navigation. 

The geometry of Mercator's chart offers many points of interest to the mathema- 
tician, a classification of some of which I was tempted for a moment to introduce here, 
but omit on the consideration that they do not possess a direct bearing on the science 
of Navigation, and therefore would be out of place. 



• Tralte de Navigation, par J. B. E. de Bourguet, a Paris, 1808, page 328, where the problem is fully 
discussed. 
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NOTE 2, 



The /orm« in the text from which reference is made to this note are of sach fre- 
quent occurrence in trigonometrical inyestigations, that a concise and general method 
of reducing them to others more conyenient for logarithmic computation is given. 
Without a knowledge of these equiyalent expressions, the succeeding step of the demon- 
stration in which these /ornM occur cannot be understood. 

I. To prove sin 'A - sin »B = sin ( A + B) . sin (A - B) 

sin *A - sin 2B = sin 2A - sin 8A sin SB + sin 2A sin 2B - sin 2B 
= sin »A (I - sin 2B) - sin «B (i - sin ^A) 
= sin 8A cos »B - cos ^A sin ^B 
= sin (A + B) . sin ( A - B). 

3. To prove cos ^A - cos ^B = sin (B + A) . sin (B - A) 

cos »A - cos *B = cos »A - cos »A cos »B + cos 2A . cos 2B - cos 2B. 
= cos 2A (i - cos 8B) - cos 2B (I - cos 3A) 
= cos 2A sin »B - cos ^B sin »A 
= sin (B + A) . sin (B - A). 

3. To prove sin »A - cos ^B = - cob (A + B) . cos (A - B) 

Bin ^A - cos ^B = sin ^A - sin ^A cos 3B+ sin 3A cos 'B - COB ^B 
= Bin *A (i - cos 'B) — cob *B (i - sin "A) 
= sin 2A sin «B - cos 2B cos «A 
= - cos (A + B) . cos (A - B). 

4. To prove cos ^A - sin ^B = cos (A + B) . cos (A - B) 

cos *A — sin ^B = cos 2A - cos 'A sin ^ -f cos 'A sin ^B — sin ^B 
= cos 2A (i - sin 2B) - sin ^B (i - cos ^A) 
= cos ' A cos 'B - sin 2A sin 'B 
= cos (A + B) . 008 (A - B). 



NOTE 3. 

In a sphericdl triangle given &, e, and the contained angle A ; c, being very nndU compared 
with a and b; required an expression for the difference of a and 6. 

Let X = the required difference, so that b - x = a. 

Then cos a or cos (b -^ x) = coab .cos c -\- nnb , sine , cos A , . • . (i). 

But co%(b — x) = co8b .C08X + sinb , sinx^ 

,'.co8b,cosx-^8inb,8inx = cosb,cose+8inb,8inc.eosA, 
And transposing cos b , cos x, and dividing by sin b, 

Hnx = 8inc , cos A — cotb (cos x— cose) , , . . (3) ; 
but cosx-^ cose = 2 wn J (c + a) • »m J (c - a) = i^ (c? — ai2) ^ gj*^ 3 i" nearly, 

c and X being small quantities ; writing also x . sin i" and c . gin i", fornn x andm 
c, and then dividing by sin i", 

x = c .cos A - i cotb(c? - x^ ,8ini". 

An approximate value of x is computed from the first term c , cos .i, and then this 
value is employed in ascertaining the value of the second term. 

And a = b-c.eosA+icotb(c^-x^.sin i". 

It will be seen that the term - . cos A will be jpZtM when A exceeds 90% and that 
the following term will be minus when b exceeds 90°. 

When no great precision is required, the value found from the term e ,cosAj may 
be considered as suflBciently accurate, and the next term may be neglected. 

Among the applications of this problem, may be mentioned the reduction of an 
observed zenith distance, to adapt it to a place differing slightly in position from that 
at which the observation was made. The triangle which is then to be considered is 

Digitized by ^<JKJ^^WlK^ 



NOTES. 303 

that whose angulsur points are the place of the celestial object at the time of observa- 
tion, the zenith of the place whence the obaeryation was made, and zenith of the place 
arrived at. 

The given quantities are the distance between the zeniths, estimated by the run 
of the ship (e), the angle between the direction of the sun at the time of observation, 
and the direction in which the ship has sailed (A), and thirdly, the observed zenith 
distance. 

Hence, the common rule — 

cor. = distance . cos A, 

in which the term J co< 6 . (c* — a;^) sin i" is neglected. 

Another example of the application of these formulis occurs in the method of 
finding the latitude by the altitude of the pole-star, in which it becomes necessary 
to compute the difference between P Z (the colatitude), and Z S (the starts zenith 
distance). The quantities known are the meridian distance h, the polar distance p, 
and the zenith distance z (or its complement, the altitude a), and thence the formula, 

lat, = a — 1> . cos fc + i cot 2 . (jp2 - c') . sin i", 

c representing the value of jp . cos ft, which is first computed. 

The same problem occurs again in the investigation of the method of deducing the 
moon's right ascension from the occultation of a fixed star (page 391), when the 
difference between P S and P S' is required. 

The little term J coi & . (c* ~ x-) . sin i", can be put into a form more convenient for 
calculation, as shown in the note appended to the discussion of the method of finding 
the latitude by the altitude of the pole-star ; by expressing c and x in minutes, and 

observing that 30 . sin i' = ~- very nearly ; whence is obtained the value of this 
000 

term in seconds, 

800 V • / \ ^ 

As an example of the application of these formula, let c = 1°, b = 60% and 
Z A = 114°, required the difference between a and b. 

The direct computation of a by the principles of spherical trigonometry may be 
made from these formulss. 

sin ^B = sin h . sin c . coi^ — j 

3 



JA = 57° . . . . cos 9*736109 

3 





h 
c 


60 
100 




30 30 







3 50 31 


Sum 
Diff. 


• •• • 


34 20 31 
36 39 39 




Ja 


30 13 19-5 




a 


60 34 39 



I9'4723i8 
sin 9-937531 
sin 8'34i855 



3) 1 7*65 1604 



sin 


8*835803 


sin 
sin 


9'7Si349 
9-651964 


2)19-403313 


sin 


9-701656 



And therefore the difference between a and h is 34' 39". 
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And next by the formula demonstrated in this note — 

-CcosA 

O 60' . . — log I '778151 
A 114** . . — cos 9*609313 

24'-40 + log 1-387464 

or + 34' 34" 

This result differs already very little from the total difference obtained by the sola- 
tion of the spherical triangle. The second term being Tequired. 

g^ . (c + aj) . (c - as) . cot 6 

c 60' 
X 24*4 

Sum 84*4 . . log 1*9263 

Diff. 35-6 . . log 1*55 15 

6 60° . . cot 9' 7614 



1735 • • log 3-2392 

7 7 

And -^ of 1735"=^ of I7"'35 = 15"* 18, and this correction is also additive, for 

h is less than 90® ; the sum of the two corrections is, therefore, 24' 39"' 18, agreeing 
exactly with the previous direct but more laborious computation. 

If when a celestial body has a small altitude, its distance from any terrestrial object 
in the horizon be measured, this distance will be very nearly equal to the difference 
between the bearings or the horizontal angle between the vertical planes passing 
through the objects observed. If 9 represent the observed distance, 9' the horizonttd 
angle, and a the altitude, the angle A between the horizon and the vertical circle 
passing through the celestial object is a right angle, and the first term of the difference 
between % and 9' vanishes, and the second term is 

J o^ . cot a . sin i". 

But this is only a particular case of the general problem in which both objects have a 
small elevation. Let « = sum of altitudes in minutes, and d = their difference, and 
& the difference of bearings ; the correction of the observed distance is 



e - e' = i [(P . cot - - «2 . tan -\ . i 



NOTE 4. 

The following remarks on ** local deviation" are those published by Capt. Matthew 
Flinders, R. N., in August, 181 2, and are so neat and comprehensive a description of 
the phenomena attending the effect of the iron of a ship upon the compasses, that this 
opportunity of presenting them to the reader is gladly embraced. 

Magnetibu of Ships. 



" During the course of my voyage in H. M. sloop * Investigator,' for completing the 
discovery of New Holland and New Scuth Wales, I remarked that the variation in the 

very diffei 
und that 
ons. 



bearings of land taken with an azimuth compass upon the binnacle were very different 
when the ship^s head was in different directions ; and at length I found that the 
following circumstances obtained throughout the whole of the observations. 
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T. When the head was east, the variation differed from the truth ; and always on 
the same side while the ship remained in the same hemisphere. 

2. When the head was west, the differences were equally great, but a contrary 
way. 

3. The head being north or south made no difference in the variation, and it was 
tlien a medium between what was found at east and at west. 

4. At the intermediate points, between the magnetic meridian and east or west, the 
difference from the true variation bore a proportion to the angle made by the ship's 
head with the meridian. If the head were on the western side, the difference was of 
t'le same nature as that when the head was west ; if on the east side, as at east. 

5. The proportion at the intermediate points obeys the following law : — 

As radius 

Is to the difference at east or west (for eight points). 

So is the sine of the angle between the ship's head and the magnetic meridian 

To the difference for that angle.* 

Or if the number of points which the head was to the right or left of the meridian 
. were taken as a course, and the difference for eight points, reduced to minutes, taken 
as a distance^ then the difference for the number of points was foimd in the departure 
column of the traverse table. 

6. These differences were of a directly contrary nature in the south to what they 
were in the northern hemisphere. In the English Channel the compass gave too much 
wcbt variation when the head was west, but in the southern hemisphere it always gave 
too little, and the greatest west variations were found when the head was east. 

7. The differences did not change suddenly on crossing the equator, but all the way 
.from England they diminished gradually, and, to all appearance, as the dip of the 
needle diminished. When the south end of the needle began to dip, the differences 
commenced the other way, and increased gradually as we advanced southward, until, 
having arrived in Bass's Strait, where the south dip is nearly as great as the north is 
in England, the differences became almost as great as t^hen we first sailed, but, as I 
said before, of an opposite nature. 

The experiments, lately made in England, prove that similar differences, obeying 
the same laws, tike place in most or all ships of war, and perhaps they do in merchant 
ships also, for I have found them in vessels of 80 and 25 tons. Differences were also 
found in other pnrts, often greater than at the binnacles; but these being of less 
importance, the differences only which we observed at or above the binnacles, on 
changing the ships' heads from east to west, are here inserted, 

O / 

Sheemess, * Starling* gun-brig, difference of variation 7 29 greater 

„ * Holder* frigate 13 3 do. 

„ * Kaisonnable * 64, armed en ./?M«e . . 042 do. 

Portsmouth, * Loire ' frigate 2 7 do. 

„ * Devastation * bomb • . ^ . • 4 2 do. 

Plymouth, 'Orestes* brig Uncertain 

Channel, * Investigator * armed ship ... 84 greater 

In Captain Cook's ships, the * Endeavour' and * Resolution,' and also in the * Dis- 
covery,' commanded by Captain Vancouver, the differences appear to have been 
nearly the same as in the * Investigator,* and also of a contrary nature in the two 
h« mispheres." — m. p. 



* Maximnm dev. x sin magnetic bearing of ship's head = dev. due to the ship's position. 
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FlGUBES AND LeTTEBS USED IN THE BOYAL NaYY TO DENOTE THB 
FOBCE OF THE WiND AND THE StATE OF THE WeATHEB. 

Figures to denote the Force of the Wind. 
O denotes Calm 



I 

2 

3 
4 
5 
6 

7 
8 

9 

10 

II 

12 



just sufficient to give. 



with which a well-con- 
ditioned man-of-war, 
under all sail, and 
clean full, would go 
in smooth water 
from 



I in which the. same i 
) ship could just carry < 
close hauled . . . 



Steerage way. 
I to 2 knots. 



Light Air . . . 
Light Breeze. . 
Gentle Breeze . 
Moderate Breeze 
Fresh Breeze . . 
Strong Breeze . 
Moderate Gale . 
Fresh Gale. . . 
Strong GhJe . . 
Whole Gale. . . 

QfyMTv% / with which she would la. , ., 

^^^ I bereducedto . . ) Storm stay sails. 

{to which she could \ 
show / 



3 to 4 knots. 

5 to 6 knots. 

' Koyals, &c. 

Single-reefs and top- 
gallant sails. 

Double-reefs, jibs, &c. 

Triple-reefs, courses, 
&c. 

^ Close-reefs, and courses. 



{with which she could \ Close-reefed main top- 
only bear / sail and reefed foresail. 



Hurricane. 



No canvas. 



Letters to denote the State of the Weather., 

b denotes Blue sky — whether with clear or heizy atmosphere. 
C „ Cloudy — i,e., Detached opening clouds. 

Drizzling Bain. 

Fog— f Thick Fog. 

Gloomy Dark Weather. 

Hail. 

Lightning. 

Misty or hazy — so as to interrupt the view. 

Overcast — i.e.. The whole sky covered with one impervious cloud. 

Passing Showers. 

Squally. 

Bain— 1.6., Continuous rain. 

Snow. 

Thunder. 

Ugly threatening appearance of the Weather. 

Visibility of Distant Objects — whether the sky be cloudy or not. 

Wet Dew. 

Under any letter denotes an Extraordinary Degree. 



d 
f 

g 
h 

1 

m 
o 
P 

q 

r 

8 

t 
n 

V 

w 



By the combination of these letters all the ordinary phenomena of the weather may 
Jji^ recorded with certainty and brevity. 
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b c m Blue sky, with detached opening clouds, but hazy round the horizon. 
. g Y Gloomy dark wjather, but distant objects remarkably visible. 

q p d 1 1 Very hard squalls, and showers of drizzle, accompanied by lightning, 
with very heavy thunder. 

The above modes of expression are lobe adopted in Her Majesty's ships and vessels 
and, therefore, both the strength and direction of the wind, as well as the state of 
the weather, are to be regularly marked, every hour, in a narrow column on the log- 
board. 



Digitized by VjOOQ IC 



308 



FOBM OF LOO 



HM.S. a. y. Black Eagle. Wednesday, 8th day of March, 1854. 



SUiKUrd 
CumiMBB 
Oouniei. 



Lee- 
way. 



Wlnda. 



Force. 



Weather. DevU- 

tion of 

Barometer. , Staodard 
lliermo- Com- 
meter. pass. 



Remarks. 



X 
1 

3 
4 
5 
6 

7 
8 

9 

10 
II 
li 



At 

anchor. 

Steaming 

for the 

Downs. 

Hove 

to. 

10 I , 



W. by S. 



S.W. 


4 


be 




. 




, 




. 




• 




S.W. 


4 


he 




• 




' 




• 




30-50 
41 




s.w. 


4 


he 

/ 
f 




W.8.W. 


6 


be 





We^hed and proceeded down 
the Knab CbuinueL 



Passed the Glrdler Lt. V. 
„ 'J'ongue Lt. V. 

N. Foreland LlH. 
Showed No. to U.M. Dock- 
yard at Deal. 

PasaedH.M. ship Melampus. 

Stopped and hove to for a 
dense fog. 

Went on again. 

Noon. Folkestone N.EL by N. 



Conree. 



Current 



I 


10 




2 


10 




3 


10 




4 


10 




5 


10 




C 


10 




7 


10 




8 


10 




9 


6 




10 


6 




ir 


A 


.t 


12 


anc 


hor. 



Distance. 



Longitude. 



Through 
Made good.l the 
I Water. 



mui 



West 



W. by N. 



N..W. 

N.W.by 
W. 



Miles. 



Pr. 
Obs. 



West 



West 



W.S.W. 



W.S.W. 



Signals, kc i 



latitude. 



Varia- 
tion 
allowed. 



Dr. 
Chr. 



30-50 
41 



ch 

f 
f 



Water 
Remain- 
ing. 



Daily Exp. 



True 
Bearing 

at.d 
Distanoe. 



P.M. 

F.M. Passed Dungeness L.t. U. 

I 

Passed the Royal Sovereign • 

Buoy. I 

Passed Beachy Head. 
Beltout Lt H. N.N.E. 2'. 



Several sail in sight Carried 
lights. 



Stopped and sounded in 14 fm. 
8' Owers Lt N.N.E. i'. 
Saw the Nab N.W. by N. 

Stopped and anchored in 10 
fins. U V. S. by E 1'. . 

Carried away and lo^t Over- 
toard by fouling the 'wheel, 
lines, hand 2 in ^o.i lead, 
band one No. 

Mid. 
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The 8th of March, 1854. 


ns per Minute. 

Ion of Coal every 
I Weight 


At each Period of Four Hoam 


Every Twelve 
Hours. 


Every Twenty-four Hours. 




Mean 
Height of 
Barometer. 


M 


SUte of Water 

ofBolletsbefore 

blowing off. 


Average 
Temperature of 


Total Expenditure of 




^ 


1'. 




1 ) 

1' 
H 




|1 


1 

1 


II 


it 

500 


I 


Goals. 


i i 


i 


1 


Kevolutlo 

Consump 
Hourii 


1? 




For 
Eigines 


Ship. 


1 


tKo. 

l» 

-^ 

t24 

[24 

124 

123 
123 

123 
123 
123 

■■'1 

>i8 
.8 


Ibai 
2.24 

224 

224 

224 

224 
Cwt. 
25 

25 

25 

25 

25 

25 

25 

2800 
280c 
2800 
280c 
2800 
2800 
2800 
2800 
2800 
2800 
224 
124 


In. 

26 
26 

26 
26 

26 

26 

* 


In. 

1 ^ 

26 
26 

26 
26 

6 
26 


In. 

30*50 

30-50 

30 '50 
^0-50 

30-50 


IbB. 


D««. 


• 


Def. 

213 
213 

213 
213 

213 
213 


IX*. 

i 


90 

95 
82 
80 


92 
96 

97 
89 
H 


81 

84 
71 
70 


Toni 


Owti 


Tom 


lOwti 


k'OaU Iba 


. FIresbanked 

. Drew fires 
forward. 

. Steam up. 

. Went on as 
ordered. 

. Stopped. 

Went on as 
ordered. 

• Noon. Engines 
working well. 

P.M. 

Engines 
wurking 
welL 

. Fased for a 

fog. 

. Going easy. 

Stopped and 
bankedfires. 


J. P. 
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QUESTIONS. 



A Pboblem. 

From a ship at D three obiects on shore, A, C, and B, are observed, and with & 
sextant the angles ADC and B D G are measured ; the relative positions of tho 
objects A, C, B, are then found by the chart, so that A C, G B, and ^ A G B, aro 
also given. 

Find the position of the ship. 

This problem is usually solved by means of an instrument call( d a station pointer, 
which consists of three long brass arms, movable about a centre D, and which can bd 




opened and fixed so as to make with each other, angles equal to those which are rneft* 
sured with the sextant, A D G and G D B. The instrument, being then laid upon the 
chart, is moved about till the bevelled edges of the arms pass through the three points 
A, G, B, and then the centre D is the place of the ship. 

The following is also an easy methoa of determining the position of D with, respect 
to the objects which are observed. 

Having transferred the triangle A G B from the chart to a clean sheet of paper, 
draw A E, making the angle B A E equal to Z D B ; and draw B E, making 
2I A B E equal to ^ G D A ; join G to E, the point where A E and B E intersect ; 
and about the triangle A E B describe the circle A E B D. 

Then D, where the line G E produced cuts the circle, is the place of the ship. 

The trigonometrical solution of the problem presents no difficulty; 

The angles A G B and A D B being known, the sum of the remaining angles GAD 
and G B D of the quadrilateral A G B D is found by subtracting the sum of A G B 
and A D B from four right angles. 



Then in the triangle AGD, GD.sinGDA = GA.sinGAD 
and in the triangle BGD, GD.sinGDB^^GB.sinGBD 



(0, 



sin G D A 

Therefore, by division, . ^ ^^ -^ 



GA sinGAD 



' G B • sin G B D 
Tie IX. , . V ^ ^ CB. sin G D A sin G A D 
Multiplymg by ^; oA.ginGDB = 5^0B"D 

LetGB.sinGDA = m, andGA.sinGDB = n, then 
m sin G A D 

n "" sin G B D 
whence ?L±^ tanHOAD + GBD ) 

w - n tan J (G A D - G B D) 

.-. tan J (0 A D - G B D) = tan J (G A D + G B D) 



m " n 
m + fi 



. (3). 



S^ ^*jf *^? greater angle when to - n and tan i (0 A D + G B D) have the same 
sign, othen^'ise G B D is the greater. 
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By formula (3) half the difference between the angles GAD and CBD is to be 
computed, and half the difference added to half the sum gives the greater, and half 
the difference subtracted from half the sum gives the less of the two angles GAD 
andGBD. 

These angles having been found, the distances A D, D 0, andD B can be found by 
solving the plane triangles A G D and B G D. 

Example.^Commg from sea, at the point D, I observed two headlands, A and B, 
and inland a steeple at G, which appeared between the headlands. I found from a 
map that the headlands were 5 -35 miles from each other ; that the distance of A 
from the steeple was 2*8 miles, and from B to the steeple 3 -47 miles ; and I found 
with a sextant that ^ A D G was 12° 15', and / B D 15° 30' : required my distance 
from each of the headlands and from the steeple ? 

AD 11*26, G D 12*46, BD 11*03 miles. 



Pboblem. 

The Lizard is in lat. 49° 58' N, long. 5° 11' W, and the Land's End in lat. 
50° 4' N, long. 5° 42' W ; and from a certain ship the Lizard bears N 45° 40' E, and 
the Land's End N 23° 20' E ; required the latitude and longitude of the ship ? 

With the latitudes and longitudes it is found that the rhumb-line joining the Lizard 
and Land's End is N 73° 14' W, distant 20-8 miles. 

The direction of the three sides of the triangle, whose angular points are at the 
ship, the Lizard, and the Land's End, are now all known, and hence the angles of 
the triangle are found to be, at the ship 22° 20', at the Lizard 61° 6', and at the 
Land's End 96° 34'; with these, and the distance 20*8 miles between the Lizard and 
Land's End, the distances of the ship from the Lizard and Land's End are found to 
be 54'o and 47*58 miles. 

With the course and distance to the Lizard, viz., N 45° 4o' E, and 54*0 miles, the 
difference of lat. is found to be 39 miles, hence the latitude in is 49° 19' N. ^ 

With this latitude of the ship, and the course and distance to the Lizard, the differ- 
ence of longitude between the ship and the Lizard is found to be 60' W, and therefore 
the longitude in is 6° 11' W. 



Problem. 

Two points, A and B, are on the same parallel of latitude 47° N, but the true bear- 
ing of B from A is N 89° 30' E ; required the distance from each other, on the 
parallel and on a*^ great circle ? 

On either the distance is 55 * 94 miles nearly. 



Pboblem. 

What is the greatest bearing of a star whose polar distance is 18° 45', at a place in 
latitude 50°? 

The greatest bearing occurs when the angle between the star's zenith distance and 
polar distance is a right angle, and sin p = tin colat . sin a z, the azimuth reckojied 
from the n(M:th or south according as the latitude is north or south. 

. ^^ sin© sin 18° 45' 

sm azmiuth = -; f-r = — : 5- 

, sm colat. sm 40° 

sin 18° 45' . . . 9*507099 
sin 40° o' . . . 9*808067 



Azimuth 30° I ' 9*699032 
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QU£8TI0MS. 



Examination Papeb. — No. i. 

1. The light of a lighthouse, 150 feet high, is just visible from the top of the 
mast of a ship 54 feet in height; required the distance of the ship from the light- 
house? 

2. What was the duration of twilight on January 22nd, 1855, at Greenwich? 

3. If on February ist, 1855, at apparent noon at the ship, in long. 5° 16' 36" W, a 
chronometer on board be 50 m. 18 s. fast for mean time at place, and at the next appa- 
rent noon the ship be in long. 3° 26' 10" W, what time will the chronometer show, its 
rate being 7 s. gaining daily ? 

4. February ist, 1855, at noon, a point of laud in lat. 35° 16' N, long. 5° 25' W, 
bore by compass W i N (deviation f pts. W), distant 16 miles, afterwards sailed as by 
the following log account ; required the latitude and longitude in, on February 2nd, 
at noon ? 



H. 


K. 


^ihB. 


Courses. 


Winda. 


Lee- 
way. 


Dev. 


REMARKS. 


I 




8 


£SE 


NEbE 


I 


JE 


P.M. 


2 




4 












3 




7 










Variation of compass ij pts. E. 


4 

















5 
















6 
















7 
















8 






SE^S 


SW 


>i 







9 
















10 
















11 




8 








\ 




12 




6 


S b W i W 


Wb8 


J JW 




I 


6 


2 










AM. 


2 


6 















3 




4 












4 




7 










A current set the ship from* 


h 




6 










9 P.M. till 2 A.M. NNW by 


6 




3 


WbNjN 


NNW 


i 


fW 


compass 3^ miles per hour. 


7 




I 












8 




5 












9 




8 












10 




6 












II 




7 


SWbW 


SbE 


i |W 




12 




4 








^ 



«;. If on February 27th, i8s5. in long. 16° 30' W, the obs. mer. alt. of the 8un*a 
L.L. be 27*^ 15' 10" (Z.N.), index error + 2' 50", height of the eye 18 feet ; required 
the latitude? 

6. If on Feuruary r2th, 1855, the obs. mer. alt. of Spica be 20° 58' 40" (Z.N.), 
index error — 45", height of the eye 25 feet; required the latitude? 

7. If on February 26th, 1855, at 8 h. 40m. p.m. mean time at place nearly, in long. 
43° 26' W. the obs. alt. of the moon's U.L. be 50° 20' 30" (Z.N.), index error + 2' 30", 
height of the eye 19 feet ; required the latitude ? 
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8. If on February iitli, 1855, at 10 h. 16 m. 4$ s. p.m. mean time at place, long. 
46° 25' W. the obs. alt. of the Pole-star be 69° 29' 54", index error + i' 5"> height of 
the eye 13 feet ; required the latitude? 

9. February 24th, 1855, in lat. by account 51° 40' S, long. 20° if W, alts, of the 
sun were taken near noon at the following times to determine the latitudes : — 



Chron. times. 




H. H. 8. 




10 28 13 

28 45 

29 14 


Mean of 
Obfi. alts, sun's L.L 


29 50 

30 26 


47° 11' IS" 



Index error + 3' 11", height of the eye 21 feet, error of chronometer for mean time 
at place i h. 30 m. 27s. slow. 

10. February 20th, 1855, at about 7 hours a.m. mean time at place nearly, lat. 
50° 46' N, long. 15° 20' W, the 8un*s rising amplitude was E 48° 20' S by compass, 
(deviation 10° 55' W) ; required the variation of the compass ? 

ir. February 28th, 1855, at 3 h. 14m. p.m., mean time at place nearly, in lat. 
38° 46' N, long. 97° 16' W. the obs. alt. of the sun's L.L. was 26° 54' 29", index error 
+ 2' 45", height of the eye 17 feet, sun's bearing S 63° 26' W (deviation 5° 5S' E) ; 
required the variation ? 

12. February 13th, 1855, at 8h. 13 m. 20 s. a.m. mean time at place, lat. 32° 3' S, 
long. 83° 20' W, the sun's bearing by compass was N 49° 30' E (deviation 10° 40' E) ; 
required the variation ? 

13. February 22nd, 1855, at 8 h. 40 m. a.m. mean time at place nearly, in lat. 
23° 17' 30" N, long, by account 14° 30' W, when a chronometer showed 9 h. 47 m. o s., 
the obs. altof thesun 8 L.L. was 28® 52' 21" '5, index error + 2' 25" -5, height of the 
eye 2 1 feet ; required the longitude ? 

On January 21st at noon, the chronometer was fast on G. M. T. 5 m. 20 s., losing 
daily 5 s. 

14. February 5th, 1855, at 8h. 25 m. p.m. mean time at place nearly, in lat. 
47° 19' N, long, by account 33° 36' E, when a chronometer showed 5 h. 15 m. 30 s., 
the obs. alt. of Pollux (E of mer.) was 5 7° 43' 20", index error + 2' 20", height of 
the eye 19 feet; required the longitude? 

On January icth, 1855, at noon, the chronometer was slow on G. M. T. 47m. 41 s., 
losing daily 6*58. 

15. February 9th, 1855, in Tat. 34° 12' S, long. 58° 16' E, the sim had equal 
altitudes at 8 h. 47 m. 13 s. and 2 h. 58 m. 47 s. times by chronometer ; required the 
error of chronometer at noon for mean time at the place of observation ? 

16. February 24th, 1855, in lat. by account 52° 14' S, long, by account 38° 12' E, 
the following observations were taken to determine the latitude and longitude : — 

M. T. nearly. Chron. times. Obs. alt of Ql 

9 h. 15 m. A.M. 6 h. 27 m. 48. 33° 58' 24" 

2 14 P.M. II 26 18 . 40 35 II 

Index error + 2' 10", height of the eye 20 feet. 

February 2nd, at noon, the chronometer was slow on G. M. T. 13 m. 15 s., losing 
daily 5 s. 

1 7. January 4th, 1855 » ** about 10 h. 35 m. p.m. mean time at place, lat. 3 3° 29' 30" N, 
long, by account 14° W, the following lunar was taken to determine the longi- 
tude : — 

Obs. alt. a Tauri. Obs. alt. }> 's L. L. Obs. dist N. L. 

68° 18' 40" 50° 13' 24" 55° 15' 24" 

Index error -h 2 47 I.E.- 3 32 I. E.+ i 45 

Height of the eye 17 feet. 
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1 8. February i6th, 1855, lat. by account 46° 21' S, long, by account ^i° 30' E, 
the following altitudes of stare were observed to determine the latitude and longi- 
tude ; — 

M. T. nearly. Cbroa. times. Obs. Alts. 

7h. 45 m. p.tf. 4h. 45 m. ib. Aldebaran 23° 21' 27" 

9 20 P.M. 6 15 42 Cauopus 75 48 16 

Index error + 3' 15", height of the eye 16 feet. 

January 5th, 1855, at noon, my chronometer was slow on G. M. T. 56 m. 28*5 s., 
gaining daily 2*58. 



Answebs. 


I. 24 miles. 




2. About 2 h. 5 m. 




3. 12 h. 57 m. 2*3 s. 




4. Latitude 34° 20' -5 N. 


Longitude 5° 9' 5" W. 


5. ,. 54 6 40" N. 




6. ,, 58 45 13 N. 




7. ,, 66 22 24 N. 




8. ., 69 44 5 N. 




9. ,. 52 I 5 S. 




10. Variation 19 45 W. 




ir. ,, 16 55 W. 




12. ., 25 50 E. 




13. Longitude 14 35 W. 




14. ,. 33 30 6"E. 




15. Error 21 m. 22*48. slow. 


^ 


16. Latitude 52° 13' 56" S. 


Longitude 38° 11' 54" E. 


1 7. Longitude 14 30 W. 




18. Latitude 46 25 23" S. 


Longitude 31° 27' 8" R 



Examination Paper.— No. 2. 

1. If a be the alt. of the sun on the prime vertical, and a' its alt. on the 6 o'clock 
hour circle, find expressions for determining its declination and the latitude of the 
place of observation. 

2. Required the distance on a great circle from lat. 35° 27' 14" N, long. 
133° 2/ x8" W, to lat. 29° 14' 36" N, long. 125° 13' 50" E? 

3. Required the course by compass and the distance from A to B, — 

Lat. A 150 55' S. Long. A 5° 45' ^. 

„ B 23 56 S. „ B 3 45 W. 

Variation 20° 30' W, local deviation 4° 35' E. 

4. March ist, 1855, in long. 76° 19' 10" W, the obs. mer. alt. of the sun's L.L. 
was 66° 10' 15" (Z.S.), index error - 4' 15", height of the eye 14 feet ; required thl9 
latitude? 

5. March 2nd, 1&55, the obs. mer. alt. of Vega was 68° 13' 5" (Z.N.), index error 
+ 2' 10", height of the eye 13 feet ; required the latitude ? 

6. March 6th, 1855, at i h. 40 m. a.m., in long. 39° 10' 20" E, the obs. mer. alt. of 
the moon's L.L. was 37° 10' 30" (Z.N.) index error - 3' lo", height of the eye 19 
feet ; required the latitude ? 

7. March loth, 1855, at about 9h. 14 m. p.m. mean time at place, in long. 119° E, 
the obs. alt. of Polaris was 47° 4' 36", index error - i' 14", height of the eye 26 feet ; 
required the latitude ? ^ 
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8. March 9th, 1855, in lat. by account 46° 23' S, long. 95° 37' W, alts, of the Biin 
were taken ncetr noon to determine the latitude. 



Cbron. 




H. H. 8. 




10 lO 39 




II 14 


Mean of 


II 59 


Obs. alts, sun's centre. 


12 17 


48^ 10' 13" 


12 48 





Index error + 3' 14", height of the eye 27 feet, chronometer slow for app. T. at place 
ih. 52 m. 48*43. 

9. March 20th, 1855, at 6 hours a.m., in lat. 27° 39' N. long. 109° 14' ^, the obs. 
rising amplitude of sun was E 17° 25' S (deviation 4° 30' E) ; required the variation 
of the compass ? 

10. March 2nd, 1855, at 9h. 14m. a.m. mean time nearly, in lat. 34° 19' S, long. 
58° 20' W, the obs. alt. of the sun's L.L. was 40° 46' 53", index error - i' 20", height 
of the eye 25 feet, sun's bearing by compass N 49° 15' E (deviation 8° 40' W); 
required the variation ? 

11. March 3rd, 1855, at 9 h. 17 m. 14 s. A.M., in lat. 47° 10' N, long. 136° 15' 20" W, 
the obs. bearing of the sun was S 36° 10' E (deviation 5° 4' JE) ; required the 
variation ? 

12. March nth, 1855, at about 7 h. 15 m, A.M., in lat. 18° 38' 8, and long, about 
74° W, when a chronometer showed 12 h. i m. 9 s. the obs. alt. of the sun*s L.L. 
was 16° 13' 23", index error- 2' 10", height of the eye 20 feet; required the 
longitude ? 

February 26th, the chronometer was slow on G. M. T. 9 m. 10 s., losing daily 
2*5 s. 

13. March 12th, 1855, at about 7 h. 36 m. p.m., in lat. 39° 18' 27" N, long, about 
38° 10' E, when a chronometer showed 5 h. 20 m. 58 s., the obs. alt of a Arietis 
(W of meridian) was 25° 52' 7", index error — 50", height of the eye 15 feet; 
required the longitude ? 

February i9tn, 1855, the chronometer was fast on G. M. T. 14 m. 21 s., gainmg 
daily 3 * 6 s. 

14. March 25th, 1855, in lat. 56° 19' 8, long. 25° 14' W, when a chronometer 
showed 8 h. 27 m. 18 s. and 4h. 16 m. 19 s., the sun had equal altitudes : required its 
error for mean time at place ? 

15. March 30th, 1855, in lat. by account 33° 10' 8, long, by account 73° W, the 
following observations were taken to determine the latitude and longitude by Sum- 
ner's method : — 

M. T. nearly. Chron. times. Obs. alt. 0*8 L. 1^. 

2 h. 30 m. P.M. 6 h. 51 m. 41 8. 39°. 46' 10" 

4 15 P.M. 8 40 I 20 ' 3 40 

Index error + i' 56", height of the eye 25 feet ; the sun's bearing at the first observa- 
tion N 49° 35' W, the run of the ship in the interval NNE 6 miles per hour. 

On March 22nd, at noon, the chronometer was slow on G. M. T. 26 m. 33 s., losing 
daily 4*5 s. 

N.B. The answers given are found with assumed latitudes 33° 20' 8, and 32° 50' 8. 

16. March 14th, 1855, at about 8 h.25 m. a.m. mean time at place nearly, in lat. 
24° 6' 30" N, long, by account 15° 35' W, the following lunar was taken; required 
the longitude. 

Obs. alt O's L.L. Otw. alt }) 'b L.L. Obs. dlat 

29° 4' 7" 39° 42' 30" 52° 32' 59" 

Index error+ 2 25 I. E. — 3 15 I. E. + i 10 

Height of the eye 19 feet. 

17. Eequired the true altitude of the sun's centre on March 5th, at 2 h. 30 ip "*" 
mean time at place, in lat. 49° 20' 10" N, long. 33° 10' 45" W ? 
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Answkbs. 



Sin dec. = \/ 7-2^1?'° »' 

= v! 



Sinlat -'•"'" 



a. 


4903*5 mil 


88. 


3. 


Courses 


2° w w. 


4. 


n 


31° 17' 48" 8. 


5. 


n 


60 27 22 N. 


6. 


n 


51 42 28 N. 


7. 


a 


47 28 14 N. 


8. 


11 


46 21 n s. 


9. 


Variation 


21 38 W. 


10. 


)} 


26 31 E. 


IJ. 


•» 


17 26 W. 


12. 


Longitude 


74° 10' 54" w. 


13. 


11 


38 14 17 B. 


14. 


Fast 16 m. 


3-88. 


15. 


Latitude 


33° 2' 9"S. 


16. 


I/)ngitude 


15 42 w. 


17. 


True ait. 


26 5726". 



Distance 494 miles. 



Longitude 72° 50' 4" W. 



Questions in Tbigonometby and NAViGATiOij. 

1. Wanting to know the distance of an inaccessible object C, I measured a base A B 
of 486 yards. At A , I found the angle CAB subtended by the object, and the other 
end of the line, to be 88° 12' ; and at B the angle C B A was observed to be 54° 48' ; 
required the distance of the object from each of the stations A and B ? 

Ans. A C 659-6 yards, B C 807 '2 yards. 

2. Being desirous of finding the distance between two distant objects, C and D, I 
measured a base A B of 384 yards, on the same horizontal plane with the objects 
and D. At A, I found the angle D AB = 48° 12', and CAB = 89° 18'; at B the 
angle ABC was 46° 14', and A B D 87° 4' ; it is required from these data to compute 
the distance between C and D ? Ans. C D 358 * 5 yards. 

3. Wanting to know the height of a steeple, I measured 210 feet from the bottom 
of it, and then found the elevation of its top above the level of my instrument to be 
33° 28' 40" ; required its height the instrument standing five feet above the ground? 

Ans. 143-88 feet. 

4. The elevation of a spire at one station was 23° 50' 17", and the horizontal angle 
at this station between the spire and another station was 93° 4' 20" ; the horizontal 
angle at the latter station between the spire and the first station was 54° 28' 36", and 
the distance between the two stations 416 feet ; required the height of the spire ? 

Ans. 278-8 feet. 

5. Required the height of a wall, whose angle of elevation is observed, at the dis- 
tance of 463 feet, to be 16° 21' ? Ans. 135*8 feet. 

6. The angle of elevation of a hill is, near its bottom, 3 1° 18', and 2 14 yards further 
oflf, 26° 18' ; required the perpendicular height of the hill, and the distance of the 
perpendicular &om the first station ? 

Ans. The height of the hill is 565 - 2, and the distance of the 
perpendicular from the first station is 929-6 yards. 

7. The wall of a tower which is 149*5 f®©* ^ height, makes, with a line drawn 
from the top of it to a distant object on the horizontal plane, an angle of 57° 21'; 
what is the distance of the object from the bottom of the tower ? 

Ans. 233*3 feet. 

8. From the top of a tower, whose height was 138 feet, I took the angles of depres- 
sion of two objects which stood in a direct line from the bottom of the tower, and 
upon the same horizontal plane with it. The depression of the nearer object was 
ibund to be 48° 10', and that of tlie farther i8° 52^; what was the distance of each 
from the bottom of the tower ? 

Ans. Distance of the nearest 123 * 5, and of the furthest 403 '8 feet. 
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9. Being on the side of a river, and wishing to know the distance of a house on the 
other side, I measured 312 yards in a right line by the side of the river, and then 
found that the two angles, one at each end of this line, subtended by the other end 
and the house, were 31° 15' and 86° 27' ; what was the distance between each end of 
the line and the house ? Ans. 351*7 and 182*8 yards. 

10. Having measured a base of 260 yards in a straight line, close by one side of a 
river, I fouiid that the two angles, one at each end of the line, subtended by the other 
end and a tree close to the opposite bank, were 40° and 80°, what was the breadth of 
the river? Ans. 190* i yards. 

11. From a ship a headland was seen, bearing NE ^ N; the vessel then stood away 
NW J W 20 miles, and the same headland was observed to bear from her E J N ; 
required the distance of the headland from the ship at ea?h station ? 

Ans. Distance at the first station 19*09, and at the second 26*96 miles. 

12. A cape was observed to bear from us NW, and another headland to bear 
NNE ^ E ; standing away ENE i E 23 miles ; we found the first bore from us WNW, 
and the second N b W i W ; required the bearing and distance of the cape from the 
headland ? Ans. 887° 40' W, 42* 33 miles. 

13. From an eminence of 268 feet in perpendicular height, the angle of depression 
of the top of a steeple which stood on the same horizontal plane was found to be 
40° 3', and of the bottom 56° 18' ; what was tiie height of the steeple ? 

Ans. 117*8 feet. 

14. Wanting to know the distance between two objects which were separated by 
a morass, I measured the distance from each to a point where I could see them both ; 
the distances were 1840 and 1428 yards, and the angle which, at that point, the 
objects subtended, was 36° 18' 24"; required their distance? 

Ans. 1090-85 yards. 

15. From the top of a moimtain, 3 miles in height, the visible horizon appeared 
depressed 2° 13' 27"; required the diameter of the earth, and the distance of the 
boundary of the visible horizon ? 

Ans. Diameter of the earth 7958 miles, distance of horizon 154*54 miles. 

16. A statue 12 feet high stands on the top of a column, whose height is 48 feet 
above the level of the eye; at what distance from the base of the column, on the 
same horizontal plane, will the statue appear under the greatest possible visual angle, 
and what will that angle be V 

Ans. Distance 53*6656 feet, angle 6° 22' 46". 

17. A ship which can lie within 5 points of the wind is bound to a port bearing 

5 il E 18 miles, the wind being at SE ; required her course and distance on each tack 
to reach her port, close hauled, in two buards ? 

Ans. On the port tack S b W 19* 39 miles, and on the starboard tack E b N 
5*656 miles. 

18. Wanting in two bt>ards to reach the mouth of a river, which bore NW J W 
10 miles, I found my ship could lie within 5^ points of the wind (then at NNW) 
on either tack, but that on the port tack she made ^ point leeway, while on the star- 
board tack she made i^ points ; required the course and distance on eai'h tack ? 

Ans. On the starboard tack W b S 17*91 miles, and on the port tack NE 
13*91 miles. 

19. Wishing to go round a point, which bore NNW 15 miles, but the wind being 
at W b N, I was obliged to ply to windward ; I found my ship would make way within 

6 points of the wind ; required the course and distance on each tack ? 

Ans. On the port tack N b W 17* 65, and on the starboard SW by S 4* 138 
miles. 

20. If a ship can lie within 6 points of the wind on the port tack, but within 5 J 
points on the starboard tack, required her course and distance on each tack to reach a 
port lying S b E 22 miles, the wind being at SW? 

Ans. On the starboard tack S b E i E 23 '66, and on the port WNW 2 • 79 
miles. 

21. From a ship. A, the mouth of a river bore NNE, and from another, B, it bore 
N b W, diatant from each 18 miles. If each ship can lie within 5 points of the wind, 
and sail with ihe given wind, close hauled, 4 miles an hour, which will reach the 
harbour sooner, and how much, the wind being at N ? 

Ans. A will reach the river about 27 minutes 43 seconds before B. 

Digitized by VjVJ^^V iC 



318 QUESTIONS. 

22. The wind is si WBW, and a ship sailing within 5 points of it, 2} miles per honr, 
makes on each tack 2^ points leeway ; in what time will she advance 30 miles directly 
to windward ? Ans. In 5 days 2 hours and 25 minutes. 

23. If a ship sail £ 7 miles an hour by the log, in a current setting ENE 2 * 5 miles 
per hour, required her true course and hourly rate of sailing ? 

Ans. Course N 84^ 8' E, and rate 9*358 miles per hour. 

24. A ship has made by the reckoning N ^ W 20 miles, but by obseryation it is 
found that, owing to a current, she has actually gone KNE 28 miles; required tlie 
setting and drift of the current in tiie time which the ship has been running ? 

Ans. Setting N 64° 48' E, and drift 14* i miles. 

25. A ship's course to her port is WNW, and she is running by the log 8 miles an 
hour, but meeting with a current setting W ^ S 4 miles an hour, what course mujst 
she steer in the current that her true course may be WNW. ? 

Ans. CJourse N 53° 51' W. 

26. In a tide running NW b W, 3 miles an hour, I wished to weather a point of 
land which bore NE 14 miles; what course must I steer so as to clear the point, the 
ship going 7 miles an hour by the log, and what time shall I be in reaching the point ? 

Ans. Course N 69° 5 1' E, and time 2 hours 25 minutes. 

27. From a ship in a current steering WSW 6 miles an hour by the log, a rock was 
seen at 6 in the evening, bearing SW ^ S 20 miles. The ship was lost on the rock at 
II F.M. ; required the setting and drift of the current ? 

Ans. Setting S 75^ 10' E, and drift 3*11 miles per hour. 

28. If a ship sail due W, 8 * 5 miles per hour by the log, in a current setting SW b W 
4 miles per hour, requii^ her true course and hourly rate of sailuig ? 

Ans. Course S 79° 21' W, and rate 12 '04 miles per hour. 

29. If a ship sail from lat. 40° 5' N, long. 28° 14' W, ENE J E till her difference of 
longitude is 320 miles : required ber distance, latitude, and departure ? 

Ans. Lat. 41° 18' N, dist. 251*5 miles, and dep. 240*6 miles. 

30. If a ship sail 272 miles northwards from the latitude 46° 20' N till she has 
altered her longitude 4° W, it is required to find the course and latitude arrived at ? 

Ans. Course N 36° o' W, latitude 50° o' N. 

31. Given the sun's declination 3° 16' 6" S +, and r^ht ascension I2h. 30 m. 
14*4 8. ; required his longitude and the obliquity of the ecliptic ? 

Ans. Longitude 6s. 8° 13' 57", and obliquity 23° 27' 46". 

• 32. In latitude 40° 48' N, the sun bore S 79° 16' W, at 3 h. 3 7 m. 59 s. p.m. ; required 
his altitude and declination ? 

Ans. Altitude 37° 24', and declination 16° 32' N. 

33. In N latitude, when the sun's declination was 14^ 20' N, his altitudes, at two 
different times, on tfje same forenoon, were 43° 7' +, and 67° 10' +, and the change 
of his azimuth in the interval 45° 2'; required the latitude? 

Ans. 34° 20' N. 

34. In latitude t6° 4' N, when the sun'sdeclination is 23° 2' N ; required the time 
in the afternoon, and the sun's altitude and bearing, when his azimuth neither increases 
nor decreases ? 

Ans. Time 3 h. 9 m. 26 s. p.m., altitude 45° i', and bearing N 73° 16' W. 

35. The sun set SW i S, when his declination was 16° 4'; required the latitude? 

Ans. 69° i'. 

36. The altitude of the sun, when on the equator, was 14° 28' +, bearing ESE ; 
required the latitude andiime ? 

Ans. Latitude 56° i', and time 7 h. 46 m. 12 s. a.m. 

37. The altitude of the sun was 20° 41', at 2 h. 20 m. pjk., when his declination was 
10° 28' S ; required his azimuth and the latitude ? 

Ans. Azimuth S 37° 5' W, latitude 51° 58' N. 

38. I£^ on August nth, 1840, Spica set 2 h. 26 m. 14 s. before Arcturus, height of 
the eye 15 feet, required the north latitude ? Ans. 36° 46' N. 

On August nth, 1840, the ri^ht ascension of Spica. was 13 h. 16 m. 48*238., and 
declination 10° 19' 4i"*5 S ; the R. A. of Arcturus was i4h. 8 m. 24s.*03, and deolinar 
tion 20° o' 58" N. 
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39. If, on November 14th, 1829, Menkar rise 48 m. 3 s. before Aldebaran, height of 
the eye 1 7 feet, required the north latitude ? 

Ana, 39° 43' 30" N. 

On November 14th, 1829, the right ascension of Menkar was 2h. 53 m. 24 s. '8 7, 
and declination 3° 25' 01" -9 N; the R. A. of Aldebaran 4I1. 26 m. 11 8/38, and decli- 
nation 16° 9' 30"- 7 N. 

40. If, on January 4th, 1825, Castor and Alphard be observed on the same vertical 
in the eastern hemisphere, at the same time that Betelgeuse and Bigel are on the 
same vertical in the western hemisphere, required the north latitude ? 

Ans. 35° 12' N. 

On January 4th, 1825, the right ascension of Castor was 7h. 23 m. 42 s.'49, and 
declination 32° 15' 5"* 2 N; the E. A. of Alphard 9h. 19m. 12 S.-62, and declination 
7° 55' 23"*4 S; JR. A. of Betelguese 5 h. 45 m. 568. '75, and declination 7° 21' 53"'oN; 
K. A. of Bigel 5 h. 6 m. 20 s.* 94, and declination 8° 24' 32"* i S. 

41. In latitude 16° 40' N, when the sun's declination was 23° 18' N, I observed him 
twice, in the same forenoon, bearing N 68° 30' E ; required the times of observation, 
and his altitude at each time? 

Ans. Times 6 h. 15 m. 40 s. a.m. and 10 h. 32 m. 48 s. a.m., altitudes 9° 59' 36" 
and 68° 29' 42". 

42. The diflf. long, between two places, both in lat. 3 3° 5 1' S, is 136° 10' ; how much 
shorter is the distance between them on the arc of a great circle than on tlieir common 
parallel, and what is the highest latitude attained by the ship in sailing from the one 
place to the other on the arc of a great circle ? 

Ans. Diff. of distances 737 geographical miles ; highest latitude 60° 54' S. 

43. What is the highest latitude attained by a ship in sailing on a great circle from 
Port Jackson, lat. 33° 51' S, to Cape Horn, lat. 55° 58' S, the diflf. of their longitudes 
being 140° 27'? 

Ans. Lat. 72° 41' S. 

44. If the altitude of the sun when due W be 27° 24', and on the 6 o'clock hour 
circle 14° 43' 30" ; required the latitude and declination ? 

Ans..Lat. 48° N, decl. 20° N. 

45. If the altitude of the sun on the 6 o'clock hour circle be 14° 43' 30", and his 
amplitude W 30° 44' 30"; required the latitude and declination? 

Ans. Lat. 42° or 48°, decl. 22° 20' or 20°. 

46. If the sun's altitude on the 6 o'clock hour circle be 14° 43' 3o"> and he set at 
7 h. 35 m. 22 s. app. time ; required the latitude and declination ? 

Ans. Lat. 48° i', and decl. 20°. 

47. The sun is Wat 4h. 43 m. 28 s. and sets at 7h. 35 m. 22s. : required the 
latitude and declination? Ans. Lat. 48° N, decl. 20°. 

48. When the sun's declination was 20° N, he set 2 h. 51 m. 54 s. after he passed 
the prime vertical ; required the latitude ? Ans. 48° N or 42° N. 

49. Given the sun's meridian altitude 62°, and his altitude at 6 o'clock 14° 43' 30" ; 
to find the latitude and declination? 

Ans. Lat. 48° N, decl. 20° N. 

50. In latitude 45° N the meridian altitude of the sun was 30° ; show that the 

tangent of quarter the length of the day = 

V 3 

51. The latitude of Dublm is 53° 21' N, longitude 6° 19' W, the latitude of Per- 
nambuco 8° 13' S, longitude 35° 5' W ; what is the sun's declination when he is on 
the horizon of both places at the same instant ? Ans. 18° 6'. 

52. The latitude of a place A is 40° N, of B 50° N, and their distance from each 
other 20° ; the longitude of A is 15° E ; required the latitude and longitude of another 
place C to the north of and 20° distant both from A and B ? 

^ Ans. Lat. 59° 37' N, long. 21° 13' E, or 8° 47' B. 
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Examples on the Psihcipal Problems. 

1. May 5th, 1871, in long. 36° 30' W, the observed meridian altitude of the sun's 
lower limb was 76° 34' 12" (zenith north of the sun), index error — I'^o", height of 
the eye 20 feet ; required the latitude ? Ans. 29° 30' 11" N. 

2. July 5 th, 18 7 1, in long. 28° 30' W, the observed meridian altitude of the sun's 
lower limb was 28° 50' 30" (zenith north of the sun), index error + 2" 15'', height of 
the eye 19 feet ; required the latitude ? Ans. 83° 46' 20" N. 

3. August ist, 18 7 1, in long. 28°i3'"W, the observed meridian altitude of the sun's 
lower limb was 43° 42' 4c" (zenith north of the sun), index error + i' 40", height of 
the eye 16 feet ; required the latitude? Ans. 64° 8' 42" N. 

4. June 8th, 18 71, in long. 64^20' E, the observed meridian altitude of the sun's 
upper limb was 43° 56' 12" (zenith north of the sun), index error -i' 40", height of 
the eye 21 feet ; required the latitude ? Ans. 69° 16' 9" N. 

5. September loth, 18 71, in long. 126° 45' E, the observed meridian altitude of the 
sun's upper limb was 60° 3' 15" (zenith south of the sun), index error + 4' 10", height 
of the eye 16 feet ; required the latitude ? Ans. 25° 3' 47" S. 

6. March 22nd, 1871, in long. 69° 14' W, the observed meridian altitude of the 
sun's lower limb was 46^ 14' 2c" (zenith north of the sun), index error + 3' $0", height 
of the eye 21 feet ; required the latitude ? Ans. 44° 10' 8" N. 



Elements tiiken from the " Nautical Almanac' 

questions. 



for computing the above 



Date. 



Declination at A pp. 
Noon. 



1. May 5th 

2. July 5 th 

3. August ist 

4. June 7th 

5. September 9th 

6. March 22nd 



o 

16 

22 
18 
22 

5 
o 



12 
49 
5 
44 
23 
34 



16- 1 N 
24*8 N 
10-8 N 
39*4N 
49 N 

20-2N 



Diff. In I Hour. 



+ 42*88 

- 13-85 

- 37-61 
+ 14-72 

- 56-66 
+ 59-18 



Semldiameter. 



15 
15 
15 
15 
15 
16 



53-2 
46-0 
47-9 
47-5 
55*4 
4*7 



7. October 9th, 18 71, the observed meridian altitude of a Scorpii (An tares) was 
38° 10' 12" (zenith north of the star), index error - i' 22", height of the eye 19 feet; 
required the latitude? October 9th the declination of Antares was 26° 8' 39" S. 

Ans. 25° 48' o"- 5 N. 

8. May 21st, 1871, the observed meridian altitude of Eegulus was 34° 42' 25" 
(zenith south of the star), index error + 2' 41", heiglit of the eye 20 feet ; required 
the latitude ? May 2 1 st the declination of Regulus was 1 2° 35 ' 47" - 6 N. 

Ans. 42°44'52''-4S. 

9. May 23rd, 1871, the observed meridian altitude of Canopuswas 30° 7' 21" (zenith 
north of the star), imlex error - i' 15", height of the eye 17 feet; required the 
latitude ? May 23rd the declination of CJanopus was 52° 3 7' 45"- 3 S. 

Ans. 7°2i'5o"-7N. 

10. December 15th, 187 r, the observed meridian altitude of Achemar was 
61° 15' 13" (zenith north of the star), index error — o' 7", height of the eye 25 feet; 
required the latitude? December 15th the declination of Achemar was 
57° 53'35"*8 S. Ans. 29° 3' 15" S. 

11. June 3cth, 1871, the observed meridian altitude of a Orionis was 72^30' 15" 
(zenith south of the star), index error — 3' 27", height of the eye 15 feet; required 
the latitude ? June 30th tho declination of a Orionis was 7° 22' 50" N. 

Ans. io'=>i4'29"S. 

12. August 13th, 1871, the observed meridian altitude of Spica was 44° 13' 10" 
(zenith south of the star), index error + 3' ro", height of the eye 1 7 feet; required the 
latitude ? August 13th the declination of Spica was 10° 29' 16"- 7 S. 

Ans. 56°i7'59"-7S. 
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13. June 15th, 1871, the observed meridian altitudes of a Grucis at the superior 
and inferior transits were 60° 10' 30" (zenith south of the star), and 10® 15' 40" 
(zenith north of the star), index error — 2*20", height of the eye 16 feet; required 
the latitude ? Ans. 65® o' 16'* N. 

14. April 28th, 18 71, in long. 120*^ 30' W, the observed meridian altitude of the 
moon's lower limb was 5 1° 28' 30" (zenith north of the moon), index error — o' 55", 
height of the eye 2 1 feet ; required the latitude ? Ans. 55° 45 ' 10" N. 

15. August 25th, 18 71, in long. 48^29' W, the observed meridian altitude of the 
moon's lower limb was 22° 5 7' 40" (zenith north of the moon), index error — 4' 10", 
height of the eye 27 feet ; required the latitude ? Ans. 42° 7' 3 2" N. 

16. July 26th, 1871, in long. 42° 24' W, the observed meridian altitude of the 
moon's lower limb was 36° 42' 40" (zenith north of the moon), index error + i' 24", 
height of the eye 16 feet ; required the latitude ? Ans. 36° 3' 20" N. 

17. November 2i8t, 1871, at 8h. im. 6s. p.m. in long. 30° 15' E, the observed 
meridian altitude of the moon's upper limb was 30° 10' 12" (zenith south of the moon), 
index error - 3' 15", height of the eye 14 feet ; required the latitude ? 

Ans.64°5i'56"S. 

' Elements taken from the ^ Nautical Albianao " for computing the above 

questions. 



Msridlan Passage at Greenwich. 


Eetardar 
tion. 


Date. 


Declinatiou. 


Change of Decli- 
nation in 10 m. 


d. h. m. 

14. April 28 6 58-4 

15. August 25 7 59*6 

16. July 26 7 12*4 

17. Nov. 21 84-8 


m. 

+ 49*5 
+ 6I-6 

+ 56*5 
-45-7 


April 28th 
August 25th 
July 26th 
November 2 ist 


9. ' " ^^ 
18 25-9 N 

23 54 28-38 

16 12 12-6 S 

5 26 48*48 


- 87-28 

+17*98 

+ iio-o6 

- 131*98 


Date. 


Semldiameter. 


Hor. Parallax. 


CSiange In 12 honrs. 




April 28th .... 
August 25th .... 

July 26th 

November 21st .. . 


1 II 

15 23-1 

16 16-1 
16 12-4 
15 28-8 


56 22 
59 36*4 
59 22-4 
56 42*9 


+ 7-0 
+ 0-8 

+ 4*5 
-5-0 


II 
+ 25-6 

+ 2-9 
+ i6-6 
- i8-2 



18. June 4th, 1871, in long. 64° 20' W, the observed altitude of the sun's lower 
limb on the meridian below the pole was 12° 16' 32", index error - 2' 6", height of 
the eye 20 feet; required the latitude? Ans. 79° 5i'38" N. 

19. June 24th, 187T, in long. 45° E, the observed altitude of the sun's lower limb 
on the meridian below the pole was 15° 29' 37", index error - i' 10", height of the 
eye 23 feet ; required the latitude? Ans. 82° 10' 38" N. 

20. June 28th, 1871, in long. 135° 15' E, the observed altitude of the sun's upper 
limb on the meridian below the pole was 10° 12' 13", index error + 3' 16", height of 
the eye 23 feet ; required the latitude? Ans. 76° 31' 56" N. 



Date. 



18. Jnne 4th . 

19. June 24th 

20. June 28th 



Declination at App. 
Noon. 



22 
23 
23 



25 12- 7 N 
25 58-1 N 

18 22-7N 



Diff. \n I hour. 



+ 17*67 

- 2-68 

- 6-8 



Semidiameter. 



15 47*7 
15 46*2 
15 46 



Y 

Digitized by VJ 



oogle 



322 



EXAMPLES ON THE FBINCIPAL PBOBLEHS. 



31. June 29tb, 1871, the observed altitude of c CJrsn Minoris on the meridian below 
pole was 32° 16' 5", index enor+1'5", height of the eye 20 feet; leqnired the 
uititnde ? June 39U1 the declination cSf c Ursn Minoris was 82° 14' 5 1" N. 

Ans. 39°56'24"N. 

33. May loth, 18 71, the observed altitude of a Aurigsa (Gapella) on the meridian 
below pole was 22° 15' 20", index error — 4' 20", height of the eye 23 feet; required 
the latitude? May loth the declination of Capella was 45"^ 51' 50" N. 

Ans.66°i3'8"N. 

33. May nth, 1871, the observed altitude of 1} Argus on the meridian below the 
pole was 15** 30' 35", index error + 3' 15", height of the eye 17 feet; required the 
mtitude ? May nth the declination of ti Argus was 5 9° o' 40" 8. 

Ans.46°i5'4o"8. 

34. July loth, 1871^ at 6 K 43 m. 38 s. p.m. in long. 46° 30' W, the observed altitude 
of Polaris was 48° 36' 40", index error + 3*40", height of the eye 20 feet; required 
the latitude ? Ans. 49** 45' 37 N. 

25. June 24th, 1871, at 3 h. 2 m. A.ir. in long. 2cP 15' Vf, the observed altitude of 
Polaris was i6° 15' 13", index error - o' 20", height of the eye 12 feet ; required the 
hititude? 15° 2/ 38" N. 

26. September 34th, 18 71, at 7 h. 41 m* $ s. p.v- in long. 65° W, the observed altitude 
of Polaris was 32^ 26' 8", index error - i'i2", height of the eye 17 feet; required 
the latitude ? Ans. 3 2° 4' 5 3" N. 

27. September 12th, 1871, M 3 h. 12 m. 40 a Ajf. in long. 128° 26' E, the observed 
altitude of Polaris was 43** 16' 35", index error — 4' 15", height of the eye 27 feet; 
required the latitude ? Ans. 40° 48' 33" N. 

28. November 21st, 18 71, at 2 h. 50 m. a.m. in long. 20^ 30' W, the observed altitude 
of Polaris was 37° 28' 35", index error — i' 20", height of the eye 17 feet; required 
the latitude ? Ans. 3 7° 14' 15 N. 

Elbmentb taken from the " Nautical Alxavao " for computing the above 

questions. 





Date. 


Declination. 


Bight Ascension. 


Sidereal Time. 






24. July loth . . 

25. June 23rd . . 

26. September 24th 

27. Septemberiith 

28. November 20th 


^0 ' « 
88 37 I 

88 37 20-4 
88 37 ^5-7 
88 37 41-5 


h. m. 8. 

I II 4i'<>5 * 
I II 25*93 
I 13 31*58- 
I 13 26*69 
I 12 26*24 


h. m. 8. 

. 7 II 52*56 

. 6 4 51*07 

12 II 30*72 

II 20 15*54 

15 56 14-36 





29. May 1 8th, 18 71, in lat. by account 62° 20' N, long. 67° 13' W, altitudes of the 
sun were taken, near noon, at the following times, to determine the latitude : — 

Ghron. 
H. ic. a 
I 4 48 
5 10 

5 50 Mean of 

6 35 Obs. alts, O's L. L. 

7 2 47° 28' 5 2"* 6 

7 51 

8 15 
8 47 

Index error + i' 47", height of the eye 16 feet, error of chion. for M. T. at plaoe 
I h. 13 m. 46 s. fast. 

May i8th at mean noon, 0*8 declination, N, 19° 30*55"* p, diff. in i hour + 33"* 16 
and at app. noon the equation of time was 3m.508'48 — to a.t. diff. — 0*0848., sun's 
gemi-diameter 15' 5o"*4. Lat. 61° 5 1' 30" N. 
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30. August 17th, 1871, in lat. by account 37° 20' S, lonpf. 96° 15'E, altitudes of the 
sun were taken, near noon, at the following times, to determine tiie latitude : — 

ChroD. 

B. K. 8. 

9 8 46 

8 59 Mean of 

9 17 Obs. alts. 0'8 U. L. 
9 42 39°i8'45" 

10 3 
10 27 
Index error + i' 18" height of thie eye 17 feet, error of chron. for M. T. at place 
2 h. 5 1 m. 13 s. slow. 
August i6th, at mean noon, 0's declination N 13° 49' i"*5, difF. in i hour-47® 32." 
August 1 6th, at app, noon, equation of time 4m. 8 s-24 + to A. T. diff. — o 8-496, 
sun's semi-diameter 15' 50"- 2. Lat. 37° 25' 23". 

31. October 19th, 1871, in lat. by account 48° 50' N, long. 27° 56' E, altitudes of 
the sun were taken, near noop, at the following times, to determine the latitude : — 

Chron. 

H. M. 8. 

12 2 48 

3 I Mean of 

4 2 Obs. alts. O's L. L. 

5 3 3i°o'26" 

6 4 

Index error - 2' 15", height of the eye 17 feet, error of chron. for M. T. at Greenwich 
I h. 56 m 17 s. fast. 

October 18th at mean noon, 0's declination S 9° 33' 56"*4,diflf. in i hour + 54"* 70. 

October i8th at app. noon, equation of time 14m. 42 8*93 -to A. T. diff. 4-08-477, 
sun's semi-diameter 16' 6". Lat. 48° 51' 52". 

32. November 28th. 18 71, at 3 h. 30 m. f.m. in lat 21^40' S, long, by account 
12° 10' E, when a chronometer ^owed 6h. 2 m. 30 s., the observed altitude of the 
sun's upper limb was 37° 35' 25", index error — 3' 10", height of the eye 22 feet; 
required the longitude ? 

On October 19th the chronometer was fast on Greenwich mean time 3 h. 12 m. 45 8. 
gaining daily 3 s-5. Ans. 12° 17' 30" E. 

33. October loth, 1871, at 10 h. 40 m. a.m. in lat. 28° 15' S, long, by account 54° 
30' W, when a chronometer showed 2 h. 18 m. 46 s., the observed altitude of the sun's 
lower limb was 63^4' 37", index error — 3' 25", height of the eye 19 feet; required the 
loDgitude ? 

On September 12th at noon the chronometer was fast on Greenwich mean time 
oh. I m. 24s., losing daily i 8*5. Ans. 54° 26' 42" W. 

34. December 15th, 1871, at 9h. 28m. am. in lat. 16° 15' N, long, by account 
125^ 16' E, when a chronometer sho,wed oh. 50m. 14s., the observed cJtitude of the 
sun's upper limb was 36° 25' 45", index error + 3' 14" height of the eye 29 feet; 
required the longitude ? 

On December ist the chronometer was slow on Greenwich mean time oh. 12 m. 21s., 
losing daily 6 s. Ans. 125° 16' 4" B. 

35. July 15th, 187T, at 7h. 20m. a. m. in lat. 27° 50' N, long, by account 39° 45' W 
the observed iJtitudeof sun's lower limb was 22*^ 23' 29", index error - 3' 15", height 
of the eye 1 9 feet, the chronometer showed 7 h. 5 m. 34 s. ; required the longitude ? 

On June 23 rd at noon the chronometer was slow on Greenwich mean time 2 h. 39 m. 
o s., gaining daily is.? Ans. 39° 48' W. 

Elemxntb taken from the *' Nautical Alhanao " for computing the above 

questions. 



Date. 




Diftfor 
Ihonr. 


Equation of Time. 


Piflf. for 
1 hour. 


Semi- 
diameter. 


32 
33 

34 

35 


Nov. 28th, 
Oct loth, 
Dec. 14th, 
July 14th, 


t u _ 
21 17 54 S 

6 34 58*5 S 
23 13^5*5 S 
21 43 48 N 


+ 26-56 
+ 56-95 
+ 9-09 
- 22-52 


m. 8. 

- II 56-73 

- 12 53-70 

- 5 13-82 
+ 5 29*75 


8. 

- -849 
+ -656 

— 1-202 
+ -288 


16 15-3 
16 3*7 
16 17-4 
15 46-3 
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36. April nth, 18 71, at about 11 h. 30 m. p.m. in lat. 20® 15' N, long, by account 
171° 14' W, when a chronometer showed 7h. 42 m. 10 s' 5, the observed altitude of 
Vega was 17° 3' 3", index error- i' 8", height of the eye 21 feet; required the 
longitude ? 

On March istthe chronometer was slow on Greenwich mean time 3h. 16 m. 4 s., 
losing daily 2 s • 5 . Ans. 1 7 1° 1 2' 24" W. 

37. August i6th, 1 8 71, at about 10 h. 40 m. f.m. in lat 29^ 46' N, long, by account 
36° 40' E, when a chronometer showed 8 h. 21 m. 28 s, the observed altitude of a Pegasl 
(Markab) (E of meridian) was 50° 34' 40", index error — 3' 50", height of the eye 
1 7 feet ; required the longitude ? 

On July ist, at noon, Sie chronometer was taBi on Greenwich mean time o h. 9 m. 
24s* 5, losing daily 1 8*5. Ans. 36° 49' 15" E. 

38. If on September 19th, 1871, at about 3 h. 20 m. a.m. in lat. 42° 30' N, long, by 
account 30° 20' W, when a chronometer showed 5 h. 21 m. 58 s. the obs. alt. of Kigel 
was 32° 49' 30" (E of mer.), index correction + 2' 40", height of the eye 22 feet ; 
required the longitude? 

On September ist, 18 71, the chronometer was slow on Greenwich mean time 
I m. 248*6, losing daily 2*5 seconds. Ana. 30° 25' o" W. 



Quantities from the "NAimcAL Almanao" for the above questions. 


Date. 


Sidereal Time. 


Star's Right 
Ascension. 


Star's declination. 


36 

37 
38 


April nth 
August 1 6th 
Sept. i8th 


h. m. B. 

I 17 2-48 

9 3745-13 
II 47 51*40 


h. m. 8. 

18 32 34*53 

22 58 22*31 

5 8 21-58 


N 3°8 39 36-2 
N 14 30 52*1 
S 8 20 56-9 



39. February 7th, 1871. at 7 h. 50m. a.m. in lat. 51° 28 N, and long. 30° 50' W, the 
sun's rising amplitude was E 29° 30' S ; required the variation? February 6th the 
declination of the sun was 15° 39' 28"* 2 S, and diflferenoe in i hour - 46"* 15. 

Ans. 4° 17' W. 

40. May loth, 1871, at 6 h. 20 m. a.m. in lat. 57° 40' N, and long. 21° 46' W, the 
sun's rising amplitude was E 24° 50 N (deviation 2° 10' E) ; requireii the variation? 
May 9th the suns declination was 17*^ 18' 43"'8 N, diff. in i hour + 40"* i r. 

Ans. 11° 37' W. 

41. February 24th, 1871, at 5 h. 30m. p.m. in lat. 36° 10' N, and long. 0° 20' W, the 
sun set by compass W 12° 8' N; required the variation? February 24th the sun's 
declination was 9° 30' 38" S, diflf. in i hour - 5S"*37. Ans. 23° 5 1' W. 

42. July i6th, i87i,at 5 h. 8 m. p.m. in lat. 30° 15' S, and long. 116° 10' E, the sun's 
setting amplitude was W 25° 16' N (deviation 6° 2' E); required the variation? 
July 15th the sun's declination was 21° 34' 36"'4 N, diff. in i hour - 23"*45. 

Ans. 6° 16' W. 

43. April 28th, 1871. at 8h. 37m. a.m. in lat. 31° 18' S,long. 55° 30' W, the observed 
altitude of the sun's lower limb was 23° 41' 7", index error -f a' 30", height of the 
eye 17 feet, also the sun's bearing was N 36° 15' E (deviation 5° 20' W); required 
the variation ? Ans. 23° 32' E. 

44. August 26th, 18 71, at 3 h. 40 m. P.M. in lat. 44° 7o' N, and long. 54*=* 12' E, the 
observed altitude of the sun's lower limb was 32° 38' 50", index error — 3' 20", 
height of the eye 25 feet, also the sun's bearing was S 5 3° 12' W (deviation 1 2° 50' W) ; 
required the variation ? Ans. 30° 38' E. 

45. September 19th, 1 8 71, at 7 h. 30 m. a.m. in lat. 38° 27' N, and long. 151® 25' E, 
the observed altitude of the sun's lower limb was 17° 23' o", index error + 4' 24", 
height of the eye 20 feet, also the sun bore by compass S 66° i' E; required the 
variation ? Ans. 11° 5 r 42" W. 

46. August 4th, 1871, in lat. 16° 17' N, and long. 75° 10' W, at 9 h. 30 m. Ajf. the 
observed altitude 6f the sun's upper limb was 54° 17' 26", index error - 2' 10", height 
of the eye 18 feet, also the sun's bearing by compass was E22°45'N (deviation 
3° 2' W) ; required the variation? Ana . 18° 36' E, 
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47. September 9th, 1871, at 9 h. 20m. a.m. in lat. 60° 45' 8, long. 112° 10' E, the 
observed altitude of the gun's lower limb was 16° 5 7' 56", index error + 4' 20", height 
of the eye 24 feet, also the sun's bearing by compass was N 14° 52' E; find the 
variation ? Ans. 25° 46' E. 

Quantities from the " Nautical Almanac" for computing the above Questions. 





Date. 


Decltnation. 


Diff. In I hour. 


Semldlameter. 












1 II 






April 28th . . 


14 5 56-1 N 


+ 47*28 


15 55 






August 26th . 


10 29 37*6 N 


-52-13 


15 52 






September i8th 


I 56 40-6 N 


- 58-17 


15 57-7 






August 4th 


17 18 48-3 N 


- 39*77 


15 48 






September 8th 


5 46 23-9 N 


- 56-42 


15 55-2 





48. March 27th, 18 71, at 3h. 13m. 15 s. p.m. mean time at place in lat. 34^ 8' 8, and 
long. 21° 45' W, the sun's bearing by compass was N 73° 8' W; required the varia- 
tion? Ans; 13° 4' E. 

49. September 28th, 1871, at 8h. 10 m. a.m. mean time in lat. 20° 15' 8, loug. 
46° 7' W, the bearing of the sun's centre was E 16° 20' 8 (deviation 2° o' W) ; required 
the variation? Ans. 25° 45' W. 

50. September 20th, 1871, at 4h. 26 m. 38 s. p.m. (mean time) in lat 66° 24' 8, and 
long. 30° 50' W, the sun's bearing by compass 8 80° 20' W ; required the variation ? 

Ans. 30° 7' E. 

51. March 25th, 1871, at 5 h. 20m. 30s. p.m. (mean time) in lat. 59° 28' 8, long. 
35° 48' W, the sun's bearing by compass was N 72° 51' W ; required the variation? 

Ans. 6° 22' W. 

52. April 25th, 1871, at 4h. 25 m. 30 s. p.m. (mean time) in lat 35° 57' N, long. 
55^ 38' W, the sun bore by compass 8 80° 19' W; required the variation ? 

Ans. 8° 42' E. 

53. December 16th, 187 1, at 4h. 15 m. 36 s. p.m. mean time in lat. 42° 29' 8, and 
long. 59° 36' E, the sun bore by compass N 127° 18' 46" W (deviation 15° 12' E); 
required tiie variation ? Ans. 20° 5' E. 

Elements taken from the *' Nautical Almanac" for computing the above questions. 



Date. 


Dedlnation. 


Dlfif. In I hour. 


Equation of 
Time. 


Diff. in I 
boar. 




March 27th . 
September 27th 
September 20th 
March 25 th 
April 25th . . 
December i6th 


1 II 
2 32 12-5 N 
I 33 42-28 
1 10 3*4N 
145 7*8 N 
13 8 10- I N 
23 19 35-88 


+ 5'^7I 
+ 58-48 
- 58-34 
+ 58-95 
+ 48-96 
+ 6-76 


m. 8. 

5 32-38 
8 55-87 

6 30-62 
6 9-25 
2 5-23 
4 15*64 


- -769 
+ -844 
+ -877 
-- -766 

+ -446 

- 1-222 


+ toApp.T 
-toApp.T 

- toApp.T 
+ toApp.T 

- to App. T 
-to App. T 



54. August 15 th, 1 8 71, in lat. by account 46° 15' 8, long, by account 34° 20' W, the 
following observations were taken to determine the latitude and longitude : — 



M.T. nearly. 


CJhron. 


Obs. alt. snn's U. L. 


h. m. 


h. m. 8. 


1 II 


8 46 A.M. 


13 47 


15 42 45 


1 40 P.M. 


6 8 21 


20 37 I 



Ship's run 8 W J W 21 miles. Index error — 3' 25", height of the eye 33 feet, sun's 
bearing at the first observation N E ^ E. '^ 

On July loth the chionometer was fast on Greenwich mean time ih. 12 m. 10 
losing daUy 3-5 s. Ans. Lat 46° 19' 50" 8, long. 34° 25' 6" ^ 
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55. April 27th, 1871, in lat. by aooonnt 48° 20* N, long, by aooount 39° 10' W, the 
following obeervationfl were taken to detennine the hktitude and longitude :~ 
M. T. nearly. CShron. time. Obs. alt. aim's L. L. 

• h.m. b. m.B. o t it 

ID 40 A.M. o 37 20 51 33 3 

3 30 PJf. 4 37 41*5 4i 44 5^ 

Index error + 4' 29", height of the eye 33 feet, sun's bearing at first observation 
8 E I S, ship's run in the interval S S W, 6 miles per hour. 

On April 3rd at noon the chronometer was slow on Greenwich mean time o h. 40 m. 
17 8., losing daily 2-58. Ans. Lat. 48° 27' 22" N, long. 39° 11' 43" W. 

Quantities from the ** Nautical Aluanao" fo^ the above. 



No. 


Date. 


I>ea at Mean Noon. 


Dlff. in X 
hour. 


Equa. Time Mean 
Noon. 


Dlff. in I 
hour. 


Semi- 
diameter. 


54 
55 


August 15th 
April 27th 


„ « II 
N14 7 50-7 
N13 46 54-3 


-46-75 
+ 47-85 


m. 8. 

4 19-90 + A. T. 

2 25-7 — A.T. 


-•474 
+ •407 


1 II 
15 50 

15 55 



56. May 25th, at 5 h. 30 m. a.m., lat. by account 47° 45' N, long. 71** 25' W, when a 
chronometer showed iih. 17m. 39s., the following observations were taken to deter- 
mine the latitude and longitude : — 

o , II fi^tsf^ 

Obs. alt. Vega 55 11 20 W 

Obs. alt. Altair 43 45 58 S W 

LE. + 2 15, H. E. 27 feet 
On May 1st, 18 71, the chronometer was fast i h. 2 m. 15 s., losing daily 1*5 s. 

Ans. Lat. 47° 46' 52" N. ; Long. 71° 24' 3" W. 

57. Oct. 19th, at iih. 10 m. p.m., lat. by account 62° to' S, long, by account 
101° 10' W, when a chronometer showed 9h. 13m. 49s., the following observations 
were taJien to determine the latitude and longitude : — 

Obs. alto. 

o I ti Bearings. 

Eigel 21 7 6 ENE^E. 

Fomalhaut 51 8 34 ^ N W ^ W. 

LE+2 I5,H. E. 13 feet? 
On Sept. 5th, at noon, the chronometer was fast on G. M. T. 3 h. 15 m. 408., losing 
daily 3 s. Ans. Lat. 62** 12' S, long. 101° 14' W. 

58. June 15th, 18 71, about 6h. 20 m. a.m. (M. T. Place, nearly), lat. (nearly) 35** S, 
long, (nearly) 94° E, when a chronometer showed o h. 14 m. o s., the following observa- 
tions were tsJcen to determine the latitude and longitude :— 

Obe.alt 

, ., Bearing. 

aCeti 33 52 44 NEbB LE.+ 2'i3" 

Bigel 15 48 18 E H. E. 32 feet 

On June 12th, at midnight, the chronometer was slow on Greenwich mean time 
I m. o s., losing daily 2 s. Ans. Lat. 35° 1 1' 8, long. 93® 49' E. 

Quantities from " Nautioal Almanac." 



No. 



Date. 



May 25th 
October 19th 
June 14th 



R. A. of Mean 
Sun at Noon. 



b. m. 8. 

4 10 xi'Si 

5 29 22*05 



Star's 
Name. 



Vega 

Altair 

Kigel 

Fomalhant 

aCeti 

Rigel 



Corrected 
R.A. 



8. 

J5"78 
JO* 28 

22-4 

irs 

19* 26 



Corrected 
Declination. ' 



^ri9 44-9 N 

8 ji 40*6 N 

8 20 58 S 

JO 18 12*5 S 

I 34 54*6 N 

8 21 ix*i S 



59. July 15th, 1871, in lat 18° 25' 8, long. 13° 45' W, the sun had equal altitudes 
when the chronometer showed 12 h. 3 m. 48* and 3 h. 9 m. 16 s. ; required the error of 
chronometer for mean time at place? Ans. Fast i h. 30 m. 29 s. 
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60. June 15th, 1871, lat. 30° 47' N, long. 71° 30' W, the ran had equal altitudefl at 
the following times by chronometer, 10 h. 30 m. 448. and 3h. 14 m. 10 8.; required 
the error of chronometer for mean time at place? 

Ana. Fast on mean time, 5 2 m. 20' 9 s. 

61. January i8th, lat. 41° 15' S, long. 13° 45' W, the sun had equal altitudes when 
the chronometer showed 5h. 12 m. 178. and 9h. 4 m. 36s.; find the error of 
chronometer for mean time at place ? Ans. Slow 5 h. 2 m. 7*78. 

62. April 28th, 1871, in lat 31° 18' 8, long. 55° 30' ^1 the sun had equal altitudes 
when the chronometer showed gh. 57 m. 20 s. and 4h. 37 m. 44 s., also the sun's 
altitude changed 15' in im. 268.; required the error of chronometer for mean time 
at place? Ans. Fast i h. 20m. 168. 

63. June 20th, 18 71, in lat. 50° 30' N, long. 70° 45' W, the ran had equal altitudes 
when the chronometer showed 5 h. 55 m. 9 s. and 5 h. 16 m. 47 s., also the sun's altitude 
changed 20' in 2 m. lis; find the error of chronometer for mean time at place ? 

Ans. Slow 25 m. 13 • 2 s. 



No. 


Date. 


Declination. 


Diff. in I 
hour. 


Equation of 
Time. 


Diff. In I 
boor. 




59 
60 
61 
62 
63 


July 15 th . 
June 15 th . 
January i8th 
AprU28th . 
June 20th • 


i II __ 
21 34 34-2 N 
23 18 52 N 
20 34 i8*8 S 
14 5 54'i N 
23 26 56-8 N 


II 
-23*45 
+ 6-62 
-30-50 
+47*28 
+ 1-46 


m. 8. 
5 36-43 

3*10 
10 37-65 

2 35*22 

1 8-12 


+ •268 
+ •532 
+ •800 
+ •386 
+ *546 


+App. T. 
+App. T. 
+App. T. 
-App. T. 
+App. T. 



64. If on December 17th, 1871, at about 3 h. 25 m. p.m. mean time at place, lat. 
16° 20' N, long, by account 135** 35' E, the following lunar observations were taken;' 
required the longitude? 

Obs. ale Q. Obs. alt. }>'8 L. L. Obs. distance. 

250 9' 30" 510 39' o" 690 41' 30" 

Index error — 311 — 112 +144 

Height of the eye 18 feet. Ans. Longitude 135° 30' E. 

65. If on June 8th, 1871, at about 4h. 15 m. a.m. meantime at place, lat. 32° 25' N 
long, by account 154° 50' E, the following lunar observations were taken; required 
the longitude? 

Obs. alt. Satnm. Obs. alt. ysJj. L. Obs. dist F. L. 

West of Meridian. 

22° 55' 30" 37° 30' 30" 40° 22' 30" 

Index error +2 15 — 2 12 -j- 1 27 

Height of the eye 19 feet Ans. Longitude 154° 45' E. 

66. If on April 2nd, 1871, at about 9 h. 20m. p.m. mean time at place, lat. 46° 25' S, 
long, by account 143° 45' W, the following lunar observations were taken; required 
the longitude ? 

Obs. alt Spica. Obs. alt. })'8 L. L. Obs. dist. F. L. 

East of Meridian. 

35° 50' 30" 29° 56' 30" 40° 

Index error + 137 + 2 46 

Height of the eye 18 feet. 



50' 40" 
- I II 
Ans. Longitude 143° 39' W. 



Elements from the *• Nautical Almanac " for the preceding questions. 

67 December i6th, sim*s declination 23° 19' 35"* 8 S, diff. i hour + 6*76, equation 
of time 4m. 15 '648. diff. i hour — i* 222, and sun's semidiameter 16' 18" s. 
Also tiie semidiameter and horizonted parallax, &c., of the moon, as under : — 



Date. 


Semidiameter. 


Hor. Parallax. 


Date. 


Lnnar Distances. 


Noon. 


Midnight. 


Noon. 


Midnight. 


xvm. 


P. L. 

of 

Diir. 


XXT. 


P. L. 
of 
Diff.' 


Dec. i6th 
Dec 17th 


1 II 

15 si'i 


1 II 

16 }'2 


•1 II 
58 21 -6 


f u 
58 49-1 


Dec. i6th 


1 n 
69 54 5i 


27J6 


( II 
71 JO 45 


2756 


.. .. 1 
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68. Jmi« 7th, Saturn's right ascension i8 h. 35 m. 4*47 s., diff. i hour = - • 71, and 
declination 33° 35' 15*7" S, diff. i hour +*72. 
Bfean sun*s E. A. at noon 5h. im.46'158. 
A U' ' the following : — 



DltR. 


SemldUmeter. 


Hor. Puallaz. 


Date. 


Lunar Dlstanoea. 


NOOD. 


Mldnlgbt 


Noon. 


Mfclnlgfat. 


. P. L. 

in. of 

Diff. 


VI. 


P. I.. 

of 
Diff. 


June 7th 


1 n 

16 4-9 


1 n 
15 57-1 


5« 55'3 58 26-9 


JniM^th 


' " 1 
38 34 7| 2351 


1 tt 
40 18 52 


2369 



69, April 2nd, Spica's R. A. = 1} h. 18 m. 24' 87 s. 

Spica'sdec. 10° 29' 19*4" B. 

Mean sun's R. A. at noon, oh. 41m. 33*50S. 
A Iso the following elements : — 



Pate. 




Hor. Parallax, 


Date. 


Lunar Distances. 


Noon. 


Midnight. 


Noon. 


Midnight 


xvia 


P. L. 
of 
Diff. 


XXL 


P. L. 

of 
Diff. 


A[>riL jrd 


1 w 
1$ 59*5 


f " 1 ' " 
15 S^'S .. .. 


f ff 
58 9-9 


April 2Dd 


f ff 
40 47 59 


2470 


/ If 
J9 6 4 


2460 




' " ^ 


.. .. 1 
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